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titlf of T tfF mmzwm 

o^^r 0 ™^ as inhibitors <* «« 

5 PACKOROTTND OF THp IMYENJIQN. 

This application is directed to inhibitors of nitric oxide 
synthase, and in particular 2-aminopyridines. 

Nitric Qxide jn flfrinry 

r^Hi^i T er8enCe ° f nitric oxide (NO >- a «®>«iv e . inorganic 

nlofo 838 ? S a CUlC C ° ntributi "g <° ™~< physiological aTd 

dm« ™f TT. 18 ° ne ° f * e bMo ^ relations of Ln, 
tunes Thts molecule ,s produced under a variety of physiological and 
pathologrcal conditions by cells mediating vital biologicTfim^l 
Samples mclude endothelial ce.ls lining me blood vessels; niuToxide 
denved from these cells relaxes smooth muscle and regulars blood 
pressure and has significant effects on the function of c^n g bid 

of the blood vessels and also of other organs such as the airways In the 
bram and elsewhere nitric oxide serves as a neurotransmnCTn non 
adrenergtc non-cholinergic neurons. In these instances nitric oxtfe 
appears to be produced in small amounts on an intermittent b 2t 

Z£rzr°r end : genous mo,ecuiar ^ * 

ZZTu , 6 ^ * Synthesized * larger amounts on a 
protracted basts Its production is induced by exogenous or endogenous 

c^^ToT f " ' n0taWy end ° ,OXin - «**~ elaborated IT 
cells of the host defense system in response to infectious and 

inflammatory stimuli. This induced production results in pro l onged ^ 

ZSZ 7f b^ C ° n !f bMeS ^ '° h ° St defenSe P-e-es Xh " 

acute td fch J « ^ VlmSCS 35 We " " Pa *° 10 ^ a ^ated with 
acute and chronic mflammat.on in a wide variety of diseases. The 

discovery that tunic oxide production is mediated by a unique series of 

*ree closely related enzymes, named nitric oxide synthases uti L 

provTT aC ' d r 8,nin ! • and m ° leCUlar as -substrates has 

provtded an understandmg of die biochemistry of this molecule and 
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provides distinct pharmacological targets for the inhibition of the 
synthesis of this mediator, which should provide significant beneficial 
effects in a wide variety of diseases. 



5 ^itric Oxide Synthases 

Nitric oxide and L-citrulline are formed from L-arginine via 
the dioxygenase activity of specific nitric oxide synthases (NOSs) in 
mammalian cells. In this reaction, L-arginine, 02 and NADPH are co- 
substrates while FMN, FAD and tetrahydrobiopterin are co-factors. 

10 NOSs fall into two distinct classes, constitutive NOS (cNOS) and 

inducible NOS (iNOS) . Two constitutive NOSs have been identified. 
They are: 

(i) a constitutive, Ca ++ /calmodulin dependent enzyme, located 
in the endothelium (ecNOS or NOS 3), that releases NO in 

1 5 response to receptor or physical stimulation, 

(ii) a constitutive, Ca++/calmodulin dependent enzyme, located 
in the brain (ncNOS or NOS 1) and elsewhere, that releases 
NO in response to receptor or physical stimulation, 

20 The third isoform identified is inducible NOS (iNOS or NOS 2): 

(iii) a Ca++ independent enzyme which is induced after 
activation of vascular smooth muscle, macrophages, 
endothelial cells, and a large number of other cells by 
endotoxin and cytokines. Once expressed, this inducible NO 

25 synthase produces NO in relatively large amounts for long 

periods of time. 

Spectral studies of both the mouse macrophage iNOS and rat 
brain ncNOS have shown that these enzymes (which have been classified 
30 as P-450-like enzymes from their CO-difference spectra) contain a heme 
moiety. The structural similarity between NOS and the P-450- 
flavoprotein complex suggests that the NOS reaction mechanism may be 
similar to P-450 hydroxylation and/or peroxidation. This indicates that 
NOS belongs to a class of flavohemeproteins which contain both heme 
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and flavin binding regions within a single protein in contrast to the 
multiprotein NADPH oxidase or Cytochrome P-450/NADPH Cyt c 
reductase complexes. 

Dtfttqct Fun ^ on ° NO Produced hy Different Nitric Oxide Synth ases 

released by the constitutive enzymes (NOS 1 and 
NOS 3) acts as an autocoid mediating a number of physiological 
responses. Two distinct cDNAs accounting for the activity of NOS 1 and 
NOS 3 m man have been cloned, one for NOS 1 (Nakane et al, FEBS 
Letters, 316 175-182, 1993) which is present in the brain and a number 

?mo?^ tiS f UeS ' ±& 0thCr f ° r CnZyme P fesent in endothelium 
(NOS 3) (Marsden et al, FEBS Letters, 307, 287-293, 1992) This latter 
enzyme is critical for production of NO to maintain vasorelaxation A 
second class of enzyme, iNOS or NOS 2, has been cloned from human 
liver (Geller et al, PNAS, 90, 3491-5, 1993), and identified in more than 
a dozen other cells and tissues, including smooth muscle cells 
chondrocytes, the kidney and airways. As with its counterpart from the 
munne macrophage, this enzyme is induced upon exposure to cytokines 

such as gamma interferon (IFN-y) interlenlHn 1 R m i rw 
f a ^™ ^ JT ™ , r;,mieneuion-ip(lL-ip), tumor necrosis 
factor (TNF-oc) and LPS (lipopolysaccharide). Once induced iNOS 
expression continues over a prolonged period of time. The enzyme does 
not require exogenous calmodulin for activity. 

Endothelium derived relaxation factor (EDRF) has been 

Toon?" 3 (M ° nCada et al " Pha rmacol Reviews, 
43, 109-142, 1991). Studies with substrate analog inhibitors of NOS 
have shown a role for NO in regulating blood pressure in animals and 
blood flow in man, a function attributed to NOS 3. NO has also been 

t°7u t0 r effeCt ° r ° f Ae Cyt ° tOXic effects of activated macrophages 
(Nathan, FASEB J., 6, 3051-64, 1992) for fighting tumor cells and 

invading microorganisms (Wright et al, Card. Res., 26 ,48-57, 1992 and 
Moncada et al., Pharmacological Review, 43, 109-142 1991) ' It also 
appears that the adverse effects of excess NO production, in particular 
pathological vasodilation and tissue damage, may result largely from the 
effects of NO synthesized by the NOS 2. 
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NO generated by NOS 2 has been implicated in the 
pathogenesis of inflammatory diseases. In experimental animals 
hypotension induced by LPS or TNF-a can be reversed by NOS 
inhibitors and reinitiated by L-arginine (Kilbourn et al, PNAS, 87, 3629- 
5 32, 1990). Conditions which lead to cytokine-induced hypotension 

include septic shock, hemodialysis (Beasley and Brenner, Kidney Int., 42, 
SuppL, 38, S96--S100, 1992) and IL-2 therapy in cancer patients (Hibbs 
et al, J. Clin. Invest., 89, S67-77, 1992). NOS 2 is implicated in these 
responses, and thus the possibility exists that a NOS inhibitor would be 
10 effective in ameliorating cytokine-induced hypotension. Recent studies 
in animal models have suggested a role for NO in the pathogenesis of 
inflammation and pain and NOS inhibitors have been shown to have 
beneficial effects on some aspects of the inflammation and tissue changes 
seen in models of inflammatory bowel disease, (Miller et al.,J. 
15 Pharmacol. Exp. Ther., 264, 11-16, 1990) and cerebral ischemia and 

arthritis (Ialenti et al, Br. J. Pharmacol ., 110, 701-6, 1993; Stevanovic- 
Racic et al, Arth. & Rheum., 37, 1062-9, 1994). Moreover transgenic 
mice deficient in NOS 1 show diminished cerebral ischemia (Huang et 
al, Science, 265, 1883-5, 1994). 
20 Further conditions where there is an advantage in inhibiting 

NO production from L-arginine include therapy with cytokines such as 
TNF, IL-1 and IL-2 or therapy with cytokine-inducing agents, for 
example 5, 6-dimethylxanthenone acetic acid, and as an adjuvant to short 
term immunosuppression in transplant therapy. In addition, compounds 
25 which inhibit NO synthesis may be of use in reducing the NO 

concentration in patients suffering from inflammatory conditions in 
which an excess of NO contributes to the pathophysiology of the 
condition, for example adult respiratory distress syndrome (ARDS) and 
myocarditis. 

30 There is also evidence that an NO synthase enzyme may be 

involved in the degeneration of cartilage which takes place in 
autoimmune and/or inflammatory conditions such as arthritis, rheumatoid 
arthritis, chronic bowel disease and systemic lupus erythematosis (SLE). 
It is also thought that an NO synthase enzyme may be involved in 
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insulin- dependent diabetes mellitus. Therefore, a yet further aspect of 
the present invention provides cyclic amidine derivatives or salts thereof 
in the manufacture of a medicament for use in cytokine or cytokine- 
inducing therapy, as an adjuvant to short term immunosuppression in 
transplant therapy, for the treatment of patients suffering from 
inflammatory conditions in which an excess of NO contributes to the 
pathophysiology of the condition. 

SUMMAR Y QF THF TMVENTTOM 

The invention disclosed herein encompasses compounds of 
Formula (I) r 




(I) 



and pharmaceutical^ acceptable salts thereof which have been found to 
be useful in the treatment of nitric oxide synthase-mediated diseases and 
disorders, including neurodegenerative disorders, disorders of 
gastrointestinal motility and inflammation. These diseases and disorders 
include hypotension, septic shock, toxic shock syndrome, hemodialysis 
IL-2 therapy such as in cancer patients, cachexia, immunosuppression ' 
such as in transplant therapy, autoimmune and/or inflammatory 
indications including sunburn, eczema or psoriasis and respiratory 
conditions such as bronchitis, asthma, oxidant-induced lung injury and 
acute respiratory distress (ARDS), glomerulonephritis, inflammatory 
sequelae of viral infections, myocarditis, heart failure, atherosclerosis 
arthritis, rheumatoid arthritis, chronic or inflammatory bowel disease ' 
ulcerative colitis, Crohn's disease, systemic lupus erythematous (SLE) 
ocular conditions such as ocular hypertension, retinitis and uveitis, type 1 
diabetes, insulin-dependent diabetes mellitus and cystic fibrosis 
Compounds of Formula I are also useful in the treatment of hypoxia 
hyperbaric oxygen convulsions and toxicity, dementia, Sydenham's ' 
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chorea, Parkinson's disease, Huntington's disease, amyotrophic lateral 
sclerosis, multiple sclerosis, Korsakoff s disease, imbecility related to 
cerebral vessel disorder, NO mediated cerebral trauma and related 
sequelae, ischemic brain edema, sleeping disorders, schizophrenia, 
5 depression, pre-menstrual syndrome (PMS), anxiety, drug addiction, 
pain, migraine, immune complex disease, as immunosupressive agents, 
acute allograft rejection, infections caused by invasive microorganisms 
which produce NO, radiocontrast induced renal failure and for preventing 
or reversing tolerance to opiates and diazepines. 



15 or a pharmaceutically acceptable salt thereof wherein: 

Rl» R2» R3 and R4 are each independently selected from the group 
consisting of 



10 



DETAILED DE SCRIPTION OF THE INVENTION 

The invention disclosed herein encompasses compounds of 

Formula (I) 




(I) 



20 



25 



(a) 
(b) 
(c) 
(d) 
(e) 
(f) 

(g) 
(h) 



(i) 
CD 
(k) 



hydrogen, 

hydroxy, 

amino, 

carboxyl, 

aminocarbonyl, 

cyano, 

nitro, 

halo, where halo is selected from fluoro, chloro, bromo, and 
iodo, 

trifluoromethyl, 

Cl-12alkyl, 

C2-12alkenyl, 
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(1) C2-12alkynyl, 
(m) Cl-i2alkoxy, 
(n) Ci-i2alkylcarbonyl, 
(°) Ci_i2alkoxycarbonyl, 

(P) Ci-i2alkylaminocarbonyl, 

(q) mono- and di-C i-i 2alkylamino, 

(r) Ci-i2alkylthio, 

(s) aryl, where aryl is selected from phenyl and naphthyl, 
(t) aryloxy, where aryl is selected from phenyl and naphthyl 
(u) arylthio, where aryl is selected from phenyl and naphthyl', 
(v) arylCi-6alkyl, where aryl is selected from phenyl and 
naphthyl, 

(w) cycloalkyl, wherein the cycloalkyl is a 5- to 1 0- 

membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from S, O, and N, 

(x) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) pyridyl, 

(2) pyrrolyl, 

(3) furanyl, 

(4) thienyl, 

(5) isothiazolyl, 

(6) imidazolyl, 

(7) benzimidazolyl, 

(8) tetrazolyl, 

(9) pyrazinyl, 

(10) pyrimidyl, 

(11) quinolyl, 

(12) isoquinolyl, 

(13) benzofuranyl, 

(14) isobenzofuryl, 

(15) benzothienyl, 

(16) pyrazolyl, 

(17) pyrazinyl, 
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(18) indolyl, 

(19) isoindolyl, 

(20) purinyl, 

(21) carbazolyl, 
5 (22) isoxazolyl, 

(23) thiazolyl, 

(24) triazolyl 

(25) oxazolyl, 

(26) oxadiazolyl, 
10 (27) thiadiazolyl 

(28) benzthiazolyl, and 

(29) benzoxazolyl, 

(y) heteroarylCl-6alkyl, where heteroaryi is defined above in 

item (x), 

15 each of (j) to (y) being optionally mono- or di- substituted, 

the substituents being independently selected from 

(1) hydroxy, 

(2) Cl-6alkyl, 

(3) Cl-6alkoxy, 
20 (4) amino, 

(5) mono- and di-C 1 -6alkylamino, 

(6) carboxyl 

(7) Ci_6alkylthio, 

(8) -S(0)k-Cl-3alkyl, where k is 1 or 2, 
25 (9) Ci-6alkoxycarbonyl, 

(10) halo selected from fluoro, chloro, bromo, and iodo, 

(11) oxo, 

(12) amidino, 

(13) guanidino, 

30 Rl and R2, or R2 and R3 or R3 and R4 may be joined together to form a 
5- to 10-membered saturated or unsaturated ring containing 0 to 2 
heteroatoms which together with the atoms to which Rl and R2, or 
R2 and R3 or R3 and R4 are attached there is formed a bicyclic 
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ring according to Formulae (Ila-IIc), the heteroatoms being 
selected from the group consisting of O, S and N, 





(He) 



5 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-i2alkyl, 

(c) C2-12alkenyl, 

(d) C2-12alkynyl, 
10 (e) aryl, wherein the aryl group is as defined above 

(0 arylCi- 6 alkyl, wherein the aryl group is as defined above 

(g) heteroaryl, wherein heteroaryl is as defined above, 

(h) heteroarylCl. 6 alkyl, wherein heteroaryl is as defined above 
W cycloalkyl, wherein the cycloalkyl is a 5- to 1 0- 

membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from the group consisting of S, O and 

each of (b) to (i) being optionally mono- or di- substituted the 

subst,tuents bei ng independently selected from 
20 (1) hydroxy, 

(2) Ci_6alkyl, 

(3) Ci_6alkoxy, 
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(4) amino, 

(5) mono- and di-C l -6alkylamino, 

(6) carboxyl 

(7) Cl-6alkylthio, 

5 (8) -S(0)k-Cl-3alkyl, where k is 1 or 2, 

(9) Ci-6alkoxycarbonyl, 

(10) halo selected from fluoro, chloro, bromo, and iodo, 

(11) oxo, 

(12) amidino, and 
10 (13) guanidino, 

with the proviso that R2 is other than aryl, heteroaryl, arylCl-4alkyl, 
heteroarylCl-4alkyl, aryl-S(0)k or heteroaryl-S(0)k. 

In an alternative aspect, this embodiment includes 
15 compounds wherein R2 may be aryl-S(0)k or heteroaryl-S(0)k. 

Within this embodiment there is the genus of compounds 

wherein 

Rl. R2, R3 an d R4 a« eacn independently selected from the group 



20 


consisting of 




(a) 


hydrogen, 




(b) 


hydroxy, 




(c) 


amino, 




(d) 


cyano, 


25 


(e) 


fluoro, chloro, bromo, and iodo, 




(f) 


trifluoromethyl, 




(g) 


Cl-6alkyl, 




(h) 
(i) 


Cl-6alkoxy, 
Cl-6alkylthio, 


30 


(j) 


C 1 _6alkylcarbonyl, 




(k) 


mono- and di-Cl-6alkylamino, 




(1) 


aryl, where aryl is phenyl and naphthyl, 




(m) 


aryloxy, where aryl is phenyl and naphthyl, 




(n) 


cycloalkyl,wherein the cycloalkyl is a 5-, 6- 
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membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from S, O, and N, 
(o) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 
5 (1) pyridyl, 

(2) furanyl, 

(3) thienyl, 

(4) pyrazinyl, 

(5) pyrimidyl, 
10 (6) thiazolyl, and 

(7) triazolyl, 
each of (g) to (o) being optionally mono- or di- substituted, 
the substituents being independently selected from 

(I) hydroxy, 
15 (2) Ci-4alkyl, 

(3) Cl_3alkoxy, 

(4) Ci_3alkylthio, 

(5) mono- and di-C l-3alkylamino, 

(7) -S(0)k-C l -3alkyl, where k is 1 or 2, 
20 (8) -C(0)-0-Ci- 3 alkyl, 

(9) halo selected from fluoro, chloro and bromo, 

(10) amino, 

(II) carboxyl, 

25 Ri and R 2 , or R 2 and R 3 or R 3 and R 4 may be joined together to form a 
5-, 6- or 7-membered saturated monocyclic ring containing 0, 1 or 
2 heteroatoms which together with the atoms to which R] and R2, 
or R2 and R3 or R3 and R4 are attached there is formed a bicyclic 
ring according to Formulae (Ila-IIc), the heteroatoms being 

30 selected from the group consisting of O, S and N, 
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tV 4 



(Ha) A ( Hb ) 

R 1 '^N NH 



R 1 ^N NH 
R* 



(no 



R5 is selected from the group consisting of 
(a) hydrogen, 
5 (b) Cl-6alkyl, 

(c) aryl, wherein the aryl group is phenyl and naphthyl, 

(d) arylCl-6alkyl, wherein the aryl group is phenyl and 
naphthyl, 

(e) heteroaryl, wherein heteroaryl is as defined above, 

10 (f) heteroarylCi-6alkyl, wherein heteroaryl is as defined above, 

(g) cycloalkyl.wherein the cycloalkyl is a 5-, 6-, or 7- 

membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from S, O, and N, 
each of (b) to (g) being optionally mono- or di- substituted, the 
15 substituents being independently selected from 

(1) hydroxy, 

(2) Cl-4alkyl, 

(3) Cl-3alkoxy, 

(4) Cl-3alkylthio, 

20 (5) mono- and di-Cl-3alkylamino, 

(7) -S(0)k-Cl-3alkyl, where k is 1 or 2, 

(8) -C(0)-0-Cl-3alkyl, 

(9) halo selected from fluoro, chloro and bromo. 
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Within this genus there is a class of compounds wherein 
Kl, R2, R3 and R4 are each independently selected from the group 
consisting of 
5 (a) hydrogen, 

(b) hydroxy, 

(c) amino, 

(d) cyano, 

(e) fluoro, chloro or bromo, 
10 (0 trifluoromethyl, 

(g) Ci-6alkyl, 

(h) Ci_6alkoxy, 

(i) Cl_6alkylthio, 

(j) mono- and di-C 1 -4alkylamino, 
15 Ri and R 2 , or R 2 and R 3 or R 3 and R 4 may be joined together to form a 
5-, 6- or 7-membered saturated monocyclic ring containing 0, 1 or 
2 heteroatoms which together with the atoms to which R] and R 2 
or R 2 and R 3 or R 3 and R 4 are attached there is formed a bicyclic 
ring according to Formulae (Ila-IIc), the heteroatoms being 
selected from the group consisting of O, S and N, 



20 




(Ha) 



'N NH 

1 

R, 




(He) 



I 

R 5 
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R5 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-4alkyl, 

(c) phenyl, 

5 (d) phenylCl-4alkyl, 

(e) heteroaryl, wherein heteroaryl is selected from, 

(1) pyridyl, 

(2) furanyl, 

(3) thienyl, 
10 (4) pyrazinyl, 

(5) pyrimidyl, 

(6) thiazolyl, and 

(7) triazolyl, 

(f) heteroarylCl-6alkyl, wherein heteroaryl is defined as above, 
15 (g) cycloalkyl,wherein the cycloalkyl is a 5-, 6-, or 7- 

membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from S, O, and N, 
each of (b) to (g) being optionally mono- or di- substituted, the 
substituents being independently selected from 
20 (1) hydroxy, 

(2) Ci-4alkyl, 

(3) Cl-3alkoxy, 

(4) Ci-3alkylthio, 

(5) mono- and di-C l -3alkylamino, 

25 (7) -S(0)k-Cl-3alkyl, where k is 1 or 2, 

(8) -C(0)-0-Ci-3alkyl, 

(9) halo selected from fluoro, chloro and bromo. 



30 



Within this class is the subclass of compounds wherein the 
rings of Formulae Ha, lib and lie are selected from the group consisting 
of 
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Within the above subclass of compounds are the compounds of 
Formulae Ha, lib, and lie wherein Rl, R2, R3 and R4, as explicitly 
shown, are each independently selected from the group consisting of 
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(a) hydrogen, 

(b) hydroxy, 

(c) amino, 

(d) cyano, 

5 (e) fluoro, chloro or bromo, 

(f) trifluoromethyl, 

(g) Cl^alkyl, 

(h) Cl-4alkoxy, 

(i) Ci^alkylthio, 

10 (j ) mono- and di-C 1 -4alkylamino, 

R5 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-4alkyl, 
15 (c) phenyl, 

(d) phenylC 1 -4alkyl, 

(e) heteroaryl, wherein heteroaryl is selected from, 

(1) pyridyl, 

(2) fiiranyl, 
20 (3) thienyl, 

(4) pyrazinyl, 

(5) pyrimidyl, 

(6) thiazolyl, and 

(7) triazolyl, 

25 (f) heteroarylCl-6alkyl, wherein heteroaryl is defined as above, 

(g) cycloalkyl,wherein the cycloalkyl is a 5-, 6-, or 7- 

membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from S, O, and N, 
each of (b) to (g) being optionally mono- or di- substituted, the 
30 substituents being independently selected from 

(1) hydroxy, 

(2) Ci-4alkyl, 

(3) Ci-3alkoxy, 

(4) Cl-3alkylthio, 
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(5) mono- and di-C l -3alkylamino, 

(7) -S(0)k-Ci_3alkyl, where k is 1 or 2, 

(8) -C(0)-0-Ci-3alkyl, 

(9) halo selected from fluoro, chloro and bromo. 

Illustrating the invention are the following compounds: 

(a) 2-amino-3-benzylurea-4-picoline, 

(b) 2-amino-3-methoxypyridine, 

(c) 2-amino-3-methylthio-4-picoline, 

(d) 2-amino-4-methylthiomethylpyridine, 

(e) 2-amino-3-hydroxymethyl-4-picoline, 

(f) 2-amino-3-ethyl-4-picoline dihydrochloride, 

(g) 2-amino-3-methoxymethyl-4-picoline 
dihydrochloride, 

(h) 2-amino-3-n-propyl-4-picoUne dihydrochloride, 

(i) 2-amino-3-dimethylamino-4-picoline 
trihydrochloride, 

(j) 2-amino-3-chloro-4-picoline, 

(k) 2-amino-5-chloro-4-picoline, 

^ (1) 2,5-diamino-4-picoline, 

(m) 5-acetylamino-2-amino-4-picoline, 

(n) 2-amino-5-ethynyl-4-methyl-pyridine, 

(o) 2-amino-4-methyl-5-pentyl-pyridine, 

(p) 4-methylthio-2-aminopyridine, 

(q) 4-chloro-6-methoxycarbonyl-2-aminopyridine, 

(r) 4,6-dimemyl-5-emenyl-2-aminopyridine, 

(s) 2,4-diaminopyridine dihydrochloride, 

(t) 2-amino-5-phenylpyridine, 

(u) 2-amino-4-methyl-5-phenylpyridine, 

(v) 2-amino-5-bromo-4-methylpyridine, 

(w) 2-amino-5-cyano-4-methylpyridine, 

(x) 2-amino-5-carboxy-4-methylpyridine, 

(y) 2-amino-5-methoxycarbonyl-4-methylpyridine, 



25 



30 



WO 96/18616 



PCT/US95/16151 



- 18- 

(z) 2-amino-5-aminomethyl-4-methylpyridine 
dihydrochloride, 

(aa) 2-amino-5-acetamidomethyl-4-methylpyridine, 

(ab) 2-amino-5-hydroxymethyl-4-methylpyridine, 
5 (ac) 2-(2-amino-3-pyridinoxy)-ethyl-(S)-glycine 

dihydrochloride, 

(ad) 2-amino-4,5-dimethylpyridine hydrochloride, 

(ae) 2-amino-6-(3-buten- 1 -yl)-4-methylpyridine, 

(af) 2-amino-6-ethyl-4-methylpyridine, 

10 (ag) 2-amino-4-methyl-6-(l-methylethyl)pyridine, 

(ah) 2-amino-6-(4-aminobutyl)-4-methylpyridine, 

(ai) 6-(4-acetamidobutyl)-2-amino-4- 
methylpyridine, 

(aj) 2-amino-6-(2-hydroxyethyl)-4-methylpyridine, 
15 (ak) a-(2-(6-amino-4-methylpyrid-2-yl) 

ethyl)glycine dihydrochloride, 
(al) 2-amino-5-ethylpyridine, 
(am) 2-amino-6-benzylpyridine, 
(an) 2-amino-6,7-dihydro-(5H)-pyrindine, 
20 (ao) 2-amino-6-(3-aminopropyl)-4-methylpyridine, 

(ap) 2-amino-6-(2-aminoethyl)-4-methylpyridine, 
(aq) 2-amino-4-methyl-6-propylpyridine, 
(ar) 2-amino-4-methyl-6-(3-phenylpropyl)pyridine, 
(as) 2-amino-4-methyl-6-(4-phenylbutyl)pyridine, 
25 (at) 2-amino-4-methyl-6-(3-methylbutyl)pyridine, 

(au) 2-amino-4-methyl-6-(2-methylpropyl)pyridine, 
(av) 2-amino-4-methyl-6-(2-phenylethyl)pyridine, 
(aw) 5-(6-amino-4-methyl-2-pyridinyl)pentanoic 
acid hydrochloride, 

30 (ax) 4-(6-arnino-4-methyl-2-pyridinyl)butanoic acid 

hydrochloride, 
(ay) (S)-2-amino-6-(3-aminobutyl)-4- 
methylpyridine, or 
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15 



20 



25 



30 



(az) (R)-2-Amino-6-(3-aminobutyl)-4- 
methylpyridine, 
or a pharmaceutical^ acceptable salt thereof. 

Heteroaryl includes but is not limited to, pyridyl pyrrolvl 
furanyl, Uuenyl, isothiazolyl, nnidazolyl, benzimidazdyl ZZm 
WW pyrimidyl, quinolyl, isoquinolyl, benzofurany £2Ll 
c^f 7!' PyraZOly1 ' PyridaZinyl - tado1 * i-ndolyl P S 

Kuzicka et al, J. Invest. Derm., 103: 397 0994^ or k^ih rLk * 

& Van^ t du , ~ ' °- i:>:>/ -8 (1991),Thiemermann 

& Vane, Eur. J. Pharmacol., 211: 172-82 (1992), or Evans etal, Infec. 
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10 



Imm., 60: 4133-9 (1992), or Schilling et al, Intensive Care Med., 19: 
227-231 (1993); with regards to pain, see Moore et al, Brit. J. 
Pharmacol., 102: 198-202 (1991), or Moore et al, Brit. J. Pharmacol 
108- 296-97 (1992) or Meller et al, Europ. J. Pharmacol, 214: 93-6 
(1992) or Lee et al, NeuroReport, 3: 841-4 (1992); with regard to 
migraine, see Olesen et al, TIPS, 15: 149-153 (1994); with regard to 
rheumatoid arthritis, see Kaurs & Halliwell, FEBS Letters, 350: 9-12 
(1994); with regard to osteoarthritis, see Stadler et al, J. Immunol, 14/: 
3915-20 (1991); with regard to inflammatory bowel disease, see Miller et 
al, Lancet, 34: 465-66 (1993) or Miller et al, J. Pharmacol. Exp. Then 
264' 11-16 (1993); with regard to asthma, see Hamid et al, Lancet, 342: 
1510-13 (1993) or Kharitonov, et al, Lancet, 343: 133-5 (1994); with 
regard to Immune complex diseases, see Mulligan et al, Br. J. 
Pharmacol., 107: 1159-62 (1992); with regard to multiple sclerosis, see 
15 Koprowski et al, PNAS, 90: 3024-7 (1993); with regard to ischemic 
" brain edema, see Nagafuji * al, Neurosci., 147: 159-62 (1992) or 

Buisson et al, Br. J. Pharmacol., 106: 166-61 (1992) or Tnfiletti et al, 
Europ. J. Pharmacol, 218: 197-8 (1992); with regard to toxic shock 
syndrome, see Zembowicz & Vane, PNAS, 89: 2051-55 (1992); with 
20 regard to heart failure, see Winlaw et al, Lancet, 344: 373-4 (1994); with 
regard to ulcerative colitis, see Boughton-Smith et al, Lancet 342: ^338- 
40 (1993); and with regard to atherosclerosis, see White et al, PNAS, 91. 
1044-8 (1994); with regard to glomerulonephritis, see Miihl et al, Br. J. 
Pharmcol 112: 1-8 (1994); with regard to pagefs disease and 
25 porosis, see L6wick et al, J. Clin. Invest., 93: 1465-72 (1994); with 
regard to inflammatory sequelae of viral infections, see Koprowski et al, 
PNAS, 90: 3024-7 (1993); with regard to retinitis, see Goureau et al, 
BBRC 186- 854-9 (1992); with regard to oxidant induced lung injury, 
see Berisha et al, PNAS, 91: 744-9 (1994); with regard to eczema, see 
30 Ruzica, et al., J. Invest. Derm., 103:395(1994); with regard to acute 
allograft rejection, see Devlin, J. et al., Transplantation, 58:592-595 
(1994)- with regard to infection caused by invasive microorganisms 
which produce NO, see Chen, Y and Rosazza, J.P.N., Biochem. Biophys. 
Res Comm , 203:1251-1258(1994), and with regard to radiocontrast 
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10 



15 



20 



25 



30 



induced renal failure, see Schwaartz, et aL, Am. J. Physiol, 267.F374-9 
(1994). 

It will be understood that in the discussion of methods of 
treatment which follows, references to the compounds of Formula I are 
meant to also include the pharmaceutical^ acceptable salts. 

The pharmaceutical compositions containing the active 
ingredient may be in a form suitable for oral use, for example, as tablets 
troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs 
Compositions intended for oral use may be prepared according to any 
method known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring 
agents, coloring agents and preserving agents in order to provide 
pharmaceutically elegant and palatable preparations. Tablets contain the 
active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets 
These excipients may be for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium 
phosphate; granulating and disintegrating agents, for example, corn 
starch, or algmic acid; binding agents, for example starch, gelatin or 
acacia, and lubricating agents, for example, magnesium stearate, stearic 
acid or talc. The tablets may be uncoated or they may be coated by 
known techniques to delay disintegration and absorption in the 
gastrointestinal tract and thereby provide a sustained action over a longer 
period. For example, a time delay material such as glyceryl monostearate 
or glyceryl distearate may be employed. They may also be coated by the 
technique described in the U.S. Patent 4,256,108; 4,166,452; and 
4,265,874 to form osmotic therapeutic tablets for control release. 

Formulations for oral use may also be presented as hard 
gelatin capsules wherein the active ingredient is mixed with an inert solid 
diluent, for example, calcium carbonate, calcium phosphate or kaolin or 
as soft gelatin capsules wherein the active ingredient is mixed with water 
or an oil medium, for example peanut oil, liquid paraffin, or olive oil 
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Aqueous suspensions contain the active material in 
admixture with excipients suitable for the manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example sodium 
carboxymethyl-cellulose, methylcellulose, hydroxy-propylmethy- 
5 cellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and 
gum acacia; dispersing or wetting agents may be a naturally-occurring 
phosphatide, for example lecithin, or condensation products of an 
alkylene oxide with fatty acids, for example polyoxyethylene stearate, or 
condensation products of ethylene oxide with long chain aliphatic 
10 alcohols, for example heptadecaethylene-oxycetanol, or condensation 

products of ethylene oxide with partial esters derived from fatty acids and 
a hexitol such as polyoxyethylene sorbitol monooleate, or condensation 
products of ethylene oxide with partial esters derived from fatty acids and 
hexitol anhydrides, for example polyethylene sorbitan monooleate. The 
15 aqueous suspensions may also contain one or more preservatives, for 
example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring 
agents, one or more flavoring agents, and one or more sweetening agents, 
such as sucrose, saccharin or aspartame. 

Oily suspensions may be formulated by suspending the 
20 active ingredient in a vegetable oil, for example arachis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example beeswax, 
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth 
above, and flavoring agents may be added to provide a palatable oral 
25 preparation. These compositions may be preserved by the addition of an 
anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of 
an aqueous suspension by the addition of water provide the active 
ingredient in admixture with a dispersing or wetting agent, suspending 
30 agent and one or more preservatives. Suitable dispersing or wetting 

agents and suspending agents are exemplified by those already mentioned 
above. Additional excipients, for example sweetening, flavoring and 
coloring agents, may also be present. 
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The pharmaceutical compositions of the invention may also 
be in the form of an oil-in-water emulsions. The oily phase may be a 
vegetable oil, for example olive oil or arachis oil, or a mineral oil, for 
example liquid paraffin or mixtures of these. Suitable emulsifying agents 
5 may be naturally-occurring phosphatides, for example soy beans, lectin 
and esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example sorbitan monooleate, and condensation products 
of the said partial esters with ethylene oxide, for example 
polyoxyethylene sorbitan monooleate. The emulsions may also contain 
10 sweetening and flavouring agents. 

Syrups and elixirs may be formulated with sweetening 
agents for example glycerol, propylene glycol, sorbitol or sucrose. Such 
formulations may also contain a demulcent, a preservative and flavoring 
and coloring agents. The pharmaceutical compositions may be in the 
15 form of a sterile injectable aqueous or oleagenous suspension. This 
suspension may be formulated according to the known art using those 
suitable dispersing or wetting agents and suspending agents which have 
been mentlon e d above . The sterile injectabIe preparation ^ 

sterile injectable solution or suspension in a non-toxic parenterally- 
.0 acceptable diluent or solvent, for example as a solution in 1,3-butane diol 
Among the acceptable vehicles and solvents that may be employed are 
water, Ringer s solution and isotonic sodium chloride solution In 
addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For this purpose any bland fixed oil may be 
5 employed including synthetic mono- or diglycerides. In addition, fatty 
acids such as oleic acid find use in the preparation of injectables 

Compounds of Formula I may also be administered in the 
form of a suppositories for rectal administration of the drug These 
compositions can be prepared by mixing the drug with a suitable non- 
) irritating excipient which is solid at ordinary temperatures but liquid at 
Ae rectal temperature and will therefore melt in the rectum to release the 
drug. Such materials are cocoa butter and polyethylene glycols 

For topical use, creams, ointments, jellies, solutions or 
suspensions, etc., containing the compound of Formula I are employed 



WO 96/18616 



PCTAJS95/16151 



-24- 

(For purposes of this application, topical application shall include mouth 

washes and gargles.) 

Dosage levels of the order of from about 0.01 mg to about 
140 mg/kg of body weight per day are useful in the treatment of the 
5 above-indicated conditions, or alternatively about 0.5 mg to about 7 g per 
patient per day. For example, inflammation may be effectively treated by 
the administration of from about 0.01 to 50 mg of the compound per 
kilogram of body weight per day, or alternatively about 0.5 mg to about 
3.5 g per patient per day, preferably 2.5 mg to 1 g per patient per day. 
IQ * - ^ amount of act i ve ingredient that may be combined with 
the carrier materials to produce a single dosage form will vary depending 
upon the host treated and the particular mode of administration. For 
example, a formulation intended for the oral administration of humans 
may contain from 0.5 mg to 5 g of active agent compounded with an 
1 5 appropriate and convenient amount of carrier material which may vary 
from about 5 to about 95 percent of the total composition. Dosage unit 
forms will generally contain between from about 1 mg to about 500 mg 
of an active ingredient, typically 25 mg, 50 mg, 100 mg, 200 mg, 300 mg, 
400 mg, 500 mg, 600 mg, 800 mg, or 1000 mg. 
20 It will be understood, however, that the specific dose level 

for any particular patient will depend upon a variety of factors including 
the age, body weight, general health, sex, diet, time of administration, 
route of administration, rate of excretion, drug combination and the 
severity of the particular disease undergoing therapy. 

25 

Iso lation and Purif ication of Nitric Oxide Synthases 

Methods demonstrating the isolation and purification of all 
three isoforms of NOS have been published and reviewed in U. 
Forstermann, J. S. Pollock, W. R. Tracey, M. Nakane in Methods in 
30 Enzymology, Vol. 233, L. Packer, ed., Academic Press, NY, 1994, Ch.26, 
pp. 258-264. Cloned and expressed NOS has also been demonstrated and 
reviewed in C. J Lowenstein and S. H. Snyder in Methods in Enzymology, 
Vol. 233, L. Packer, ed., Academic Press, NY, 1994, Ch.26, pp. 264-269. 
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Assav Protocol f or NOS activity 

Various assays for NOS activity have been reported in the 
literature and are reviewed in the following: M. E. Murphy and E. Noack 
in Methods in Enzymology, Vol. 233, L. Packer, ed., Academic Press 
5 NY, 1994, Ch.26, pp. 240-250 and J. M. Hevel and M. A. Marietta in 
Methods in Enzymology, Vol. 233, L. Packer, ed., Academic Press, NY, 
1994, Ch.26, pp. 250-258. Details for the assay protocols to measure 
NOS activity are as follows: 

NOS activity is measured as the formation of L-[2,3,4,5- 
10 3 H ]CitruIline from L-[2,3,4,5-3H]Arginine. The incubation bu'ffer'(100 
UL) contained; 100 mM TES, pH 7.5, 5 uM FAD, 5 uM FMN 10 uM 
BH4, 0.5 mM NADPH, 0.5 mM DTT, 0.5 mg/mL BSA, 2 mM CaC12, 10 
lig/mL calmodulin (bovine), 1 ^M L-Arg, 0.2 jiCi L-[2,3,4,5-3H]Arg, 
and the inhibitor in aqueous DMSO (max. 5 %). The reaction is initiated 
15 by addition of enzyme. Incubations are performed at room temperature 
for 30 minutes and stopped by the addition of an equal volume of 
quenching buffer consisting of 200 mM sodium citrate, pH 2.2, 0.02% 
sodium azide. Reaction products are separated by passing through a 
cation exchange resin and quantitated as cpm by scintillation counting. 
20 Percent inhibition is calculated relative to enzyme incubated without 

inhibitor according to: % inhibition = 100 x (cpm L-[2,3,4,5-3H]Cit with 
mhibitor/cpm L-[2,3,4,5-3H]Cit without inhibitor). 

Illustrative of the utility of the compounds of Formula I is 
the ability of such compounds to inhibit NO synthase as shown in Tables 
25 1 and 2 and as measured by the assay described above: 
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TABLE 1 

Inhibition of Nitric Oxide Synthases by Substituted 2- Aminopyridines 

R 4 

5 A 



Q". 



6 "N" " NHR' 



Example 






iNOS 


ecNOS 


ncNOS 


rNumDcr 


XV 


R' 


aCsmuM) (IC*n,uM) (ICso, uM) 


1 


T T 

ri 


ri 


1 A 




<10 


2 




rl 


3.4 


1.2 




3 


4-Cri3 


TJ 

ri 


0.11 


0.076 


<1 


4 


5-CH3 


H 


1.3 


3.1 




5 


6-CH3 


H 


2.0 


0.82 




6 


4,6-(CH3)2 


H 


0.108 






7 


4-C2H5 


H 


0.23 






8 


4-CF3 


H 


13.2 


73 




9 


3-OH 


H 


47.5 


>50 


>50 


10 


3-NH2 


H 


<10 


1.9 




11 


4-Ph 


H 


>50 






12 


4-CH2Ph 


H 


>50 






13 


3,4-(CH3)2 


H 


0.076 


<1 




14 


4-t-C4H9 


H 


>50 






15 


4-C1 


H 


<1 


<10 


<10 


16 


4-CN 


H 


>50 






17 


3-NH2-4-CH3 


H 


0.058 


0.081 




18 


4-CH3 


CH2Ph 


2.4 


<50 
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TABLE 2 

Inhibition of Nitric Oxide Synthases by Substituted 2-Aminopyridines 



Example 
Numb er 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 



iNOS 
(ICso, uM) 
<10 
>50 
<50 
<50 
<1 
<10 
<10 
<50 
<50 
<1 
<10 
<10 
<10 
<10 
<50 
<10 
<50 
<50 
<10 
<10 
>50 
>50 
<10 
>50 
>50 
>50 
<10 
<10 
<10 
<50 
<1 
<50 
<10 
<1 
<1 
<1 



ecNOS 
(ICso, uM) 

>50 
<50 
<50 
>50 
<1 
<10 
<50 

>50 
<10 
<50 
<50 
<50 
<50 
>50 
<10 
<50 
>50 
<10 
<50 



<10 

>50 

<10 
>50 

<10 
<1 
<10 
<10 

<1 
<1 
<1 



ncNOS 
(ICso, uM) 

>50 
<50 
<10 
>50 



<50 

<50 
<10 
<50 
<50 
<50 
<50 
<10 
<10 
<10 
>50 
<1 
<50 



<10 

>50 

<50 
>50 

<50 

<1 

<10 

<10 

<1 

<1 

<1 
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Table 2 (continued) 



Example 
Number 


(ICso, uM) 


(ICso, uM) 




55 


<1 


<1 


<1U 


56 


<1 


<10 


<1 


57 


<10 


<10 


<1 


58 


<1 


<1 


^ 1 

<1 


59 


<1 


<l 


<1 


60 


<10 


<50 




61 


<50 


>50 


<5U 


62 


>50 


>50 


^<A 

>5U 


63 


<10 


<50 


<1U 


64 


<10 






65 


<50 


<50 


<3U 


66 


<1 


<io 


<1 


67 


<1 


<50 


<l 


68 


<1 


<io 


<1 


69 


<50 


<50 


<1U 


70 


<10 


<1U 


<1U 


71 


<1 


<10 


<i 


72 


<1 


<i 


<i 


73 


<10 


<10 


<10 


74 


<10 


<1 


<10 


75 


<10 


<1 


<10 


76 


<1 


<10 


<1 


77 


<10 


<50 


<1 


78 


<10 






79 


<10 


<10 


<10 


80 


>50 







Synthesis of 2-Aminopyridines 

5 Several methods for preparing the compounds of this 

invention are illustrated in the following schemes and examples. Some of 
the compounds are known in the literature and are commercially 
available. Several reviews for the preparation of 2-aminopyridine 
derivatives have appeared (M. T. Leffler in Organic Reactions, Vol. 1, R. 

10 Adams, ed., J. Wiley and Sons, NY, 1942, Ch. 4, pp. 91-104; A. S. 
Tomcufcik and L. N., Starker in The Chemistry of Heterocyclic 
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Compounds, Pyridine and Its Derivatives, Part 3, E. Klingsberg ed ■ 
Interscience, NY, 1962, Ch. IX, pp. 1-177; E. F. V. Scriven in " 
Co ^ehensive Heterocyclic Chemistry, Vol. 2, Part 2A, A. J. Boulton 
and A. McKillop, eds., Pergamon Press, NY, 1984, Ch. 2.05, pp. 165- 
314). A limited class of substituted 2-aminopyridine derivatives have 
been reported to be specific inhibitors of the neuronal constitutive nitric 
oxide synthase (NOS-1) (PCT WO 94/14780). 

In one method illustrated in Scheme 1 , these compounds are 
prepared by the Chitchibabin reaction involving the reaction of a 
substituted pyridine derivative with sodium amide or sodium amide in the 
presence of a substituted amine to yield a 2-aminopyridine derivative 
This methodology is amenable to a broad range of substitutents The 
pyridine and substituted amine starting materials are commercially 
available or they can be prepared by the methods known to those skilled 
i j in the art. 



10 



SCHF.MF. 1 

Chitchibabin Reaction 



N R'NHo tv^t 



20 As shown in Scheme 2, the Hofmann rearrangement of a 

pyndyl-2-carboxamide in the presence of a hypohalite will give a 2- 



25 



X — "*J J^WXAtAAAl,^ win give a 

aminopyndine. Similarly, a Curtius rearrangement of a pyridyl-2- 
hydrazide will also give the desired derivative. Similarly, a Lossen 
rearrangement of a pyridyl-2-hydroxamic acid will also afford 2- 
aminopyndine. Similarly, treatment of a 2-pyridyl-hydroxamate-O- 
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sulfonic acid with acid gives 2-aminopyridine (Neber-type 
rearrangement). Picolinic acid starting materials are commercially 
available or they can be prepared by the methods known to those skilled 
in the art. [see E. P. Oliveto in The Chemistry of Heterocyclic 
5 Compounds, Pyridine and Its Derivatives, Part 3, E. Klingsberg, ed.; 
Interscience, NY, 1962, Ch. X, pp. 179-346.] 



SCHEME 2. 



Hotmann Reaction 




Curtius Reaction 




Modified Lossen Rearrangement 



HCONH2. A 



CONHOH 



Neber-type reaarrangement 




hydroxylamine-O-sulfonic acid 




12 



10 
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As outlined in Scheme 3, 2-halopyridines can be reacted 
wrth ammonia or substituted amines in the presence of copper(II) sulfate 
to form me 2-aminopyridine derivative. Tne preparation of a variety 7 
2-halopyndme derivatives has been reviewed (see H. E. Mertel in The 
Chemistry of Heterocyclic Compounds, Pyridine and Its Derivatives, Part 
2 E. Klingsberg, ed.; Interscience, NY, 1962, Ch. VI, pp 299-419) A 
recent publication describes new methodology for the preparation of 
highly functionahzed 2-halopyridine derivatives (see P. Rocca et al J 
Org. Chem. 1993, 58, 7832-7838). ' ' 

• r ^ SpIaCementofa2 -^ fluorometh yl group with sodium 
amide in liquid ammonia also gives 2-aminopyridine. 

SCHEME ^ 
2-Halogen Displacement (where X is a halogen) 

R B <S Cu +2 /NH 3 

Q. 




N X or KNH 2 /NH 3 N NH 



2 



or 1) NaHS0 3 
2)2nCI 2 /NH 3 



More recent methodology for the synthesis of 2- 
ammopyndine derivatives has recently been described (K. Wachi and A 

S^eme 4 7 BUlL JaP " 198 °' * 465 " 472) - d is 

Scheme 4. Pyndme-N-oxides can react with the imidoyl chloride of 1 3- 

benzoxazinetogiveN-(2-pyridyl)-l,3-benzo X azines. Subsequent 
treatment with strong acid affords the 2-aminopyridine 
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A procedure for the selective alkylation of 2-amino-4,6- 
5 dimethylpyridine is outlined in Scheme 5. 2-Amino-4,6- 

dimethylpyridine A is reacted with acetylacetone with the removal of 
water to form pyridylpyrrole B. Reaction of B with one equivalent of 
n-butyllithium (or phenyllithium) forms the anion on the 6-methyl group 
which is subsequently reacted with an electrophile R-X to form Q. The 
10 pyrrole protecting group is subsequently removed by reaction with 

hydroxylamine hydrochloride in refluxing aqueous ethanol to form the 6- 
substituted product D. 

SCHEME 5 

15 
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The invention will now be Ulustrated by the following non- 
linuung examples in which, unless stated otherwise. 

All operations were carried out at room or ambient 
temperature, that is, at a temperature in the range 18-25°C; evaporation of 

600 4<Zr T* To" 8 3 IOmy eVaPOratOT ^ ^pressure 

WOuf OOO pascals: 4.5-30 mm. Hg) with a bath temperature of up ,o 

m A T™' ° f reaCti ° nS WSS f ° Ilowed ^ ^ chromatography 
fTLC) and reacnon Umes are given for illustration only; melting pohus 
are uncotrected and 'd' indicates decomposition; tine melting points given 
are those obuuned for the materials prepared as described; ^ymorohism 
may result m .solation of materials with different melting Joims mlmT 
preparauons; the sm.cn.re and purity of all final produce were assureTby 
at least one of the following techniques: TLC, mass spectrometry 
nuclear magnetic resonance (NMR) spectrometry or microanalytical data- 
y.elds are g,ven for iUustration only; when given, NMR data is in the ' 
fon* of delta (8) values for major diagnostic protons, given in parts per 
nulhon (ppm) relaave to tetramethylsilane (TMS) as internal standard 
detenmned a. 400 MHz or 500 MHz using the indicated solvent 
convennonal abbreviations used for signal shape are: s. singlef d 
doublet; , tnplet; m. multiplet; br. broad; as,: in addition »Ar» signifies 
an aromauc s.gnal; chemical symbols have .heir usual meanings; L 
followmg abbrevtations have also been used v (volume), w (weigh,) b p 
botirng pom,), m.p. (melting point), L (Iiter(s)). mL (milliliters) g * 
£S -8MS « m01 <*** ™<>' (""'Hmoles), 4 
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FVAMPLRS 1-12 



The following compounds were obtained from commercial 



N NH 



(I) 



imole Rl 


R2 


R3 


R4 


R5 


Source a 


1 


H 


H 


H 


H 


H 


Aldrich 


2 


H 


H 


H 


CH3 


H 


Aldrich 


3 


H 


H 


CH3 


H 


H 


Aldrich 


4 


H 


CH3 


H 


H 


H 


Aldrich 


5 


CH3 


H 


H 


H 


H 


Aldrich 


6 


CH3 


H 


CH3 


H 


H 


Aldrich 


7 


H 


H 


C2H 5 


H 


H 


SYNCHEM. 


8 


H 


H 


CF3 


H 


H 


Fluorochem. 


9 


H 


H 


H 


OH 


H 


Aldrich 


10 


H 


H 


H 


NH2 


H 


Aldrich 


11 


H 


H 


phenyl 


H 


H 


SPECS. 


12 


H 


H 


-CH2-phenyl 


H 


H 


Aldrich 



a Aldrich = Aldrich Chemical Co.; SYNCHEM = Synthetic Chemicals 
Ltd.; Fluorochem. = Fluorochemicals Ltd.; SPECS = Specialty Chemical 
10 Services B.V. 
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2-Amino-3.4-dimftth Y 1 rY pHi r ,» 

The title compound was prepared by the method of W O 
Siegl (J. Heterocyclic. Chem., 18, 1613 (1981)). N,N-Dimethylaniline 
(24 mL, 0.186 mol) was added to a solution of 3,4-dimethylpyridine (10 
gm, 94 mmol) and sodium amide (4 gm, 100 mmol). The mixture was 
heated to 150 o C for 7 h under an inert atmosphere. After cooling to 
room temperature, the reaction mixture was poured into ice (400 mL). 
The organic layer was separated and dried over potassium carbonate 
Fractional distillation in vacuo gave a mixture of 2-amino-3,4- 
dimethylpyridine and 2-amino-4,5-dimethylpyridine (bp. 1 14-8 o C / 8 
mm). Fractionional crystallization from heptane-benzene gave 2-amino- 
3,4-dimethylpyridine (mp. 82°C). 

Repeated fractional crystallization of the mother liquors 
afforded 2-amino-4,5-dimethylpyridine (mp. 1 1 3-4oq. 



EX A MPT F }A 



25 



6, 



N NH C 



2-Amino-4-fgr ?-butvlpvrif1inp 
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Using the procedure from Example 13 but substituting 4- 
terf-butylpyridine for 3,4-dimethylpyridine afforded 2-amino-4-ferf- 
butylpyridine. 




7.- Amino-4 -rhloropvridine 



The 4-chloro-2-picolinic acid hydrazide (mp. 166.5-68 °C) 
was treated with sodium nitrite according to the method of Graf (Chem. 
15 Ber. 64, 21 (193 1)) to form the acylazide which was then heated in the 
presence of water to form the title compound (mp. 130-131 °C). 



FX AMPLE 16 

20 




1- Amino-4-c vanopvridine 

25 2-Amino-4-pyridinecarboxamide was dehydrated according 

to the method of Deady et al. (Aust. J. Chem., 35, 2025 (1982)) to form 
the title compound (mp. 148-9 °C). 
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EX AMPLE 17 



5 




23-Diamino-4-methylpvridine 

A solution of 2-amino-4-methyl-3-nitropyridine (Aldrich 
10 Chemical Co., 500 mg) in methanol (3 mL) was treated with palladium 
hydroxide on carbon (50 mg) and stirred under a hydrogen atmosphere (1 
atm) at room temperature for 6 h. The mixture was filtered through a pad 
of celite filter aid and the solvent removed by rotoevaporation to give the 
title compound (340 mg). 

15 

Mass spectrum (FAB): m/e= 124 (M+l). 



EXAMPLE 18 

20 




2-Benzvlamino-4-met hvlpvridine 



25 



2-Amino-4-methylpyridine was reacted with potassium 
hydroxide in benzyl alcohol according to the method of Sprinzak {Org. 
Syn. Coll. Vol. IV. 91 (1963)) to form the title compound. 
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EX AMPLE 19 



5 




2- Amino-3 -benzvlurea-4-picoline 

A solution of 2,3-diamino-4-picoline (example 17, 100 mg) 
10 in methylene chloride (2 mL) was treated with benzyl isocyanate (0.1 12 
mL) and stirred at room temperature for 16 h. The mixture was filtered 
to collect the red ppt., washed with methanol, ethanol, hexane and dried 
under vacuum to give the title compound. 

15 !H NMR (400 MHz, CD3OD): 8 7.70 (d, 1H), 7.32 (m, 4 H), 7.22 (m, 
1H), 6.57 (d, 1H), 4.37 (s, 2H), 2.18 (s, 3H). 
Mass spectrum (FAB): m/e = 257 (M+l). 



20 EXAMPLE 20 

,OCH 3 

N' "NH 2 



a: 



2-Amino-3-meth oxvpvridine 

25 

A solution of 2-amino-3-hydroxypyridine (Aldrich, 200 mg) 
in 20% methanol/benzene (4 mL) was treated with 
trimethylsilyldiazomethane (1.8 mL, 2.0 M), boron trifluoride 
diethyletherate (0.026 mL) and stirred at room temperature for 16 hr. 
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The solvent was evaporated in vacuo and the crude oil was purified by 
medium pressure liquid chromatography on a 21 x 300 mm silica column 
eluted with 50% ethyl acetate/methylene chloride to give the tide 
compound (50 mg). 

1H NMR (400 MHz, CDCI3): 6 7.62 (d, 1H), 6.88 (d, 1H), 6.60 (dd 1H) 

4.60 (br, 2H), 3.82 (s, 3H). 

Mass spectrum (FAB): m/e= 124 (M+l). 



EXAMPT F. ? 1 




N NH 2 

15 2-Amino-3-methv1th io-4-picr > 1in f 

Step A: 2-rm-Butvlcarhnny lamino-4-p irr^p*> 



A solution of 2-amino-4-picoline (Aldrich, 5.0 g) in 
methylene chloride (80 mL) was treated with triethylamine (8 06 mL) 
tnmethylacetyl chloride (6.26 mL) and stirred at 0 o C for 15 min then at 
room temperature for 2 nr. The mixture was diluted with 200 mL water 
The organic layer was washed with saturated sodium bicarbonate and 
saturated sodium chloride, dried over sodium sulfate, and concentrated in 
25 vacuo. The resulting oil was diluted in 50 mL hexane and cooled to 0 o C 
to crystallize the product. The crystals were collected by filtration and 
washed with cold hexane to afford the tide compound (7.0 g). 

lH NMR (400 MHz, CDCI3): 8 8.09 (d, 1H), 8.08 (s, 1H), 7.91 (br 1H) 
30 6.82 (d, 1H), 2.31 (s, 3H), 1.28 (s, 9H). 



Step B: 2-rf rf-Butvlcarbonvlamino-^- m ethv1thio-4- r ^r,n»^ 
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A solution of 2-f^rf-butylcarbonylamino-4-picoline (Step A, 
250 mg) in anhydrous ethyl ether (5 mL) was cooled to -78° C and 
treated with terf-butyllithium (1.7 mL, 1.7 M), and stirred at -78 °C for 3 

5 hrs. To this was added dimethyl disulfide (0. 177 mL) and the reaction 
was allowed to warm to room temperature. The mixture was diluted with 
water and ethyl ether. The aqueous layer was extracted with ether. The 
combined organic layers were washed with saturated sodium chloride, 
dried over sodium sulfate, and concentrated in vacuo. The resulting oil 

10 was purified by medium pressure liquid chromatography on a 21 x 300 
mm silica column eluted with 40% ethyl acetate/methylene chloride to 
afford the title compound (260 mg, lower Rf spot) and 2-tert- 
butylcarbonylamino-4-methylthiomethylpyridine (40 mg, higher Rf spot). 

15 lH NMR (400 MHz, CDCI3): 8 9.29 (br, 1H), 8.29 (d, 1H), 6.90 (d, 1H), 
2.51 (s, 3H), 2.21 (s, 3H), 1.34 (s, 9H). 

Step C. 2-Amino-3-methvlthio-4-picoline 

20 A solution of 2-rer/-butylcarbonylamino-3-methylthio-4- 

picoline (Step B, 260 mg) in 2 N HC1 (5 mL) was heated at reflux for 10 
hrs. After cooling to room temperature, the mixture was diluted with 
water and the aqueous layer was washed with ether. The combined 
organic layers were discarded and the aqueous layer was neutralized to 

25 pH=7 with saturated sodium carbonate. The aqueous layer then was 

extracted with ether, dried over sodium sulfate, and concentrated in vacuo 
to afford the title compound (150 mg). 

lH NMR (400 MHz, CDCI3): 8 7.84 (d, 1H), 6.52 (d, 1H), 5.21 (br, 2H), 
30 2.42 (s, 3H), 2.20 (s, 3H). 

Mass spectrum (FAB): mZe= 155 (M+l). 



EXAMPLE 22 
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2-Amino-4-methvlthin me thv1p vriHin^ 

A solution of 2-rm-butylcarbonylamino-4- 
methylthiomethylpyridine (from Example 21, Step B) (40 mg) was 
treated in the same manner as described in Example 21, Step C to afford 
the tide compound (25 mg). 

1H NMR (400 MHz, CDCI3): 8 7.98 (d, 1H), 6.60 (d, 1H), 6.44 (s, 1H), 
4.40 (br, 2H), 3.50 (s, 2H), 1 .98 (s, 3H). 
Mass spectrum (FAB): m/e= 155 (M+l). 




20 2-Amino-3-hvdrnyvmff thvl-4-p iro]jp^ 

Step A: 2-^rr-Bntvlcarhnnvlp m m o-3-TnPihovvmethvl-4- r ^»n» Q 

tj , * S ° lution of 2 -^-butylcarbonylamino-4-picoline (from 

S n CP A) (25 ° mg) WaS ttBBtod With methoxymethyl chloride 
(0.149 mL) under the same conditions as in Example 21, Step B to afford 
the title compound ( 1 25 mg). 
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1H NMR (400 MHz, CDC13): 8 8.54 (br, 1H), 8.27 (d, 1H), 6.91 (d, 1H), 
4.44 (s, 2H), 3.36 (s, 3H), 2.37 (s, 3H), 1.31 (s, 9H). 

ftte. p R: 2-A minn-3-hvdrr.^YTP <>fhv1 - 4 -p icoline 

A solution of 2-^rr-butylcarbonylamino-3-methoxymethyl- 
4-picoline (Step A, 125 mg) was treated in the same manner as described 
in Example 21, Step C. The resulting oil was purified by medium 
pressure liquid chromatography on a 21 x 130 mm silica gel column 
10 eluted with ethyl acetate to afford the title compound (10 mg) after 
crystallization from hexane. 

lH NMR (400 MHz, CDCI3): 8 7.86 (d, 1H), 6.46 (d, 1H), 4.92 (br, 2H), 
4.70 (s, 2H), 2.27 (s, 3H). 
15 Mass spectrum (FAB): mZ£= 138 (M+l). 



FX AMPLE 24 
CH 3 

N NH3CI 
20 HCI 

9- Amipn-3-ethv1-4 -picoline dihvdrochloride 

Sl£E A: 2-fgrf-Bu t v1carbonvlamino-3-ethvl-4-picoUne 

25 

A solution of 2-rert-butylcarbonylamino-4-picohne (from 
Example 21, Step A) (250 mg) was treated with bromoethane (0.147 mL) 
under the same conditions as in Example 21, Step B to afford the title 
compound (40 mg). 

30 
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2 6nT™^ T*' CDCI3): 5 813 (d ' 1HX 7 46 (br > 1H >' 6 98 1HX 
2.60 (q, 2H), 2.32 (s, 3H), 1 .32 (s, 9H), 1 .08 (t, 3H). 

§ te P B: ?-Amipo-3-ethvl-4-Dicolin^ n,> v drochlnriH^ 

* Asolutionof2 - /m - but ylcarbonylamino-3-ethyl-4-picoline 
(Step A, 40 mg) was treated in the same manner as described in Example 
fl. Step C The resulting oil was dissolved in ether and HC1 gas bubbled 
10 s^vent ° n t0 ***** * e titlC C ° mpOUnd **" evaporating the 

sriS 3 c h) 3od): 5 761 (d - mx 681 (d - mx 267 <* 

Mass spectrum (FAB): m/e = 137 (M+l). 

1 5 




och 3 



20 



Kci NH3CI 



25 



30 



/ / solution ^2-/m-butylcarbonylamino-3-methoxymethyl- 
4-picoline (Example 21, Step A) (65 mg) in 2 mL dioxane was treated 
with 1 mL hydrazine and stirred at reflux for 6 hrs. After cooling to room 
temperature, the reaction mixture was diluted with water. The aqueous 
layer was extracted with methylene chloride. The combined organic 
layers were dried over sodium sulfate and concentrated in vacuo The 
resulting oil was purified by medium pressure liquid chromatography on 
a 21 x 130 mm silica gel column eluted with ethyl acetate. The resulting 
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oil was dissolved in ether and HC1 gas bubbled into the solution to afford 
the title compound after evaporating the solvent. 

lH NMR (400 MHz, CDC13, free base): 5 7.86 (d, 1H), 6.46 (d, 1H), 
5 4.88 (br, 2H), 4.46 (s, 2H), 3.33 (s, 3H), 2.26 (s, 3H). 
Mass spectrum (FAB): mis. - 153 (M+l). 



FX AMPLE 26 




9- Amino-3-n-prop v1-4-picolinr ^hydrochloride 
15 Step A: 2-fg rf-Riitvlcarbonv1amino-3-r>roPvl-4-picoline 

A solution of 2-fert-butylcarbonylamino-4-picoline 
(Example 21, Step A) (250 mg) was treated with iodopropane (0.153 mL) 
under the same conditions as in Example 21, Step B to afford the title 
20 compound (28 mg). 

lH NMR (400 MHz, CDCI3): 5 8.13 (d, 1H), 7.52 (br, 1H), 6.97 (d, 1H), 
2.53 (dd, 2H), 2.32 (s, 3H), 1.46 (m, 2H), 1.32 (s, 9H), 0.92 (t, 3H). 

25 Step B: 2-Aininn-3-pro pv1-4-picoline dihvdrochloride 

A solution of 2-^rf-butylcarbonylamino-3-propyl-4-picoline 
(Step A, 28 mg) was treated in the same manner as described in Example 
21, Step C. The resulting oil was dissolved in ether and HC1 gas bubbled 
30 into the solution to afford the title compound after evaporating the 
solvent. 
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10 



lH NMR (400 MHz, CDCI3, free base): 5 7.78 (d, 1H), 6.49 (d, 1H), 
4.33 (br, 2H), 2.43 (dd, 2H), 2.22 (s, 3H), 1.53 (m, 2H), 0.99 (t, 3H).' 
Mass spectrum (FAB): m/e = 151 (M+l). 



EX AMPT ,R 27 



CH 3 I 




He, nh ' ci 



2-Amino-3-dimethvlamino-4- pico1inetrihvdroch1oride 
gtep A: 2-rgrf-Biitvlcarbonv1 a iT.i no-3-azido-4- r irn1i T1 ^ 

1 5 A solution of 2-rm-butylcarbonylamino-4-picoline 

(Example 21, Step A) (1.0 g) was treated with trisylazide (1.94 g) under 
the same conditions as in Example 21, Step B to afford the title 
compound (1.0 g). 

20 lH NMR (400 MHz, CDCI3): 6 8.15 (d, 1H), 7.68 (br, 1H), 6.97 (d, 1H) 
2.32 (s,3H), 1.35 (s,9H). 

Step B: 2-f<?rf-Biifv1carbonv1amino-3-dimefhv1 a T T iino-4-picn1inP 

25 A solution of 2-rm-butylcarbonylamino-3-azido-4-picoline 

(Step A, 100 mg) was treated with palladium(II) hydroxide on carbon (35 
mg), formaldehyde (37% in water, 0.032 mL), and hydrogen gas at 1 
atmospheric pressure in methanol (3 mL) at room temperature for 16 h. 
The catalyst was removed by filtration and the resulting oil was purified 

30 by medium pressure liquid chromatography on a 2 1 x 300 mm silica gel 
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column eluted with a gradient from 0 to 3% methanol in ethyl acetate to 
afford the title compound (40 mg). 

lH NMR (400 MHz, CDC13): o 9.42 (br, 1H), 8.10 (d, 1H), 6.70 (d, 1H), 
5 2.78 (s, 6H), 2.30 (s, 3H), 1 .29 (s, 9H). 

Step C: 2-Amino- 3-dimethvlamino-4-picoline trihvdrochloride 

A solution of 2-fer/-butylcarbonylamino-3-dimethylamino- 
10 4-picoline (Step B, 40 mg) was treated in the same manner as described 
in Example 21, Step C. The resulting oil was purified by medium 
pressure liquid chromatography on a 21 x 130 mm silica gel column 
eluted with from 1% methanol in ethyl acetate. The resulting oil was 
dissolved in ether and HC1 gas bubbled into the solution to afford the title 
15 compound(20 mg) after evaporating the solvent. 

lH NMR (400 MHz, CDCI3, free base): 8 7.67 (d, 1H), 6.35 (d, 1H), 
4.91 (br, 2H), 2.75 (s, 6H), 2.22 (s, 3H). 
Mass spectrum (FAB): mZe= 152 (M+l). 

20 

EXAMPLE 28 




25 

2-Amino-3-chloro-4-picoline 

To a solution of 72% sulfuric acid (135 mL) cooled to 0° 
was added portionwise 2-amino-4-picoline (27g, 0.25 mol ) keeping the 
30 temperature below 25 °C. After the addition was completed, the bath was 
removed and condensed chlorine (1 1.4 mL) was allowed to evaporate and 
bubble through the reaction mixture over 1.5 h. The reaction mixture was 
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then stirred for 1.5 h under chlorine reflux using a dry ice condenser, 
allowed to warm to room temperature and stirred for 18 h. The reaction 
mixture was poured into 500 g of ice, the pH adjusted to 10 by addition 
of 50% NaOH and 1 L of water was added. The mixture of 3-chloro and 
5 5-chloro isomers was extracted with chloroform, dried (Na2S04), and 
evaporated. The tide compound was separated from 2-amino-5-chloro-4- 
picoline (see Example 29) by silica gel chromatography using 2% 
methanol /methylene chloride as eluant. 

10 lH NMR (400 MHz, CDCI3): 5 2.30 (s,3H); 6.51(d,lH); 7.82 (d,lH); 
Mass spectrum (FAB): m/e = 143 (M+l). 



2-Amino-5-ch1oro-4-pirn1inP 

The title compound was isolated from the reaction in Example 28. 

lH NMR (400 MHz, CDCI3): 8 2.25 (s,3H); 6.35 (s,lH); 7.93 (s,lH); 
Mass spectrum (FAB): m/e = 143 (M+l). 



EX AMPT JR 7Q 



15 




CH 3 



25 



EX AMPT ,R 30 




CH 3 
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2.S-Diamino-4-picoUne 

To a solution of tin(II) chloride (4.95 g, 26.12 mmol) in 
concentrated hydrochloric acid (13.0 mL) was added 2-amino-5-nitro-4- 
5 picoline ( 1 .0 g, 6.53 mmol) and heated at 90 °C for 24 h. The reaction 
was cooled to room temperature, made basic with 5N NaOH, extracted 
with ethyl acetate, dried (Na2S04), and evaporated to give a solid. The 
crude material was subjected to silica gel chromatography using 10% 
methanol / methylene chloride as eluant to give the tide compound. 

10 

lH NMR (400 MHz, CD3OD): 5 2.14 (s,3H); 6.42 (s,lH); 7.45 (s,lH); 
Mass spectrum (FAB): m/e = 124 (M+l). 

15 EXAMPLE 31 




5-Acetvlamino-2-amino-4-picoline 

20 

To a solution of 2,5-diamino-4-picoline, prepared as shown 
in Example 30, (50 mg, 0.41 mmol) in methylene chloride (1.0 mL) were 
added triethylamine (70 uL, 0.49 mmol) and acetic anhydride (43 uL, 
0.45 mmol). After stirring 0.5 h at room temperature, the reaction mixture 
25 was evaporated to dryness and purified by silica gel chromatography 
using 40:10:1 chloroform-methanol-water as eluant to give the tide 
compound. 

lH NMR (400 MHz, CD3OD): 52.12 (s,3H); 2.13 (s,3H) 6.47 (s,lH); 
30 7.70 (s,lH); 

Mass spectrum (FAB): m/e =166 (M+l). 
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'N NH 2 
2-Amino-5-ethvnvl-4- me thvl-pvri^ i n ^ 

Step A: 1 5-Nitro-4-methv1-?-rtrim ft thvl^^ Y i) am i nnp vri Hip. 



To a mixture of 5-nitro-4-methyl-2-aminopyridine ( 1 .0 g 
6.53 mmol) in 15 mL of methylene chloride was added triethylamine ' 
(1.14 mL, 8.16 mmol) and cooled to 0 °C. To this was added dropwise a 
solution of trimethylacetyl chloride (0.89 mL, 7.18 mmol) and the 
mixture allowed to warm to room temperature and stirred 72 h The 
solution was diluted with 100 mL of methylene chloride, washed with 
saturated sodium bicarbonate, water, brine, dried (Na2S04), and 
evaporated to an amber oil. This was subjected to silica gel 
chromatography using 10% ethyl acetate/hexane as eluant to yield the 
20 tide compound. 

IH NMR (400 MHz, CDCI3): 6 1.34 (s,9H); 2.65 (s,3H); 8.18 (b,lHV 
8.29 (s,lH); 8.94 (s,lH). 

25 Step B: ^-AminQ-4-methvl-?-rtrim < Mhv1 a ^t v n aminor Y HH4r,^ 

A solution of 5-nitro-4-methyl-2- 
trimethylacetylaminopyridine (4.5 g, 18.97 mmol) in 50 mL of acetic 
acd containing 10% palladium/carbon was hydrogenated at atmospheric 
30 pressure for 48 h. The catalyst was removed by filtration and the filtrate 
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was concentrated. The residue was coevaporated with toluene to give the 
title compound. 

lH NMR (400MHz, CDCI3): 5 1.29 (s,9H); 2.19 (s,3H); 7.60 (s,lH); 
5 8.04 (s,lH); 8.50 (b,lH). 

Stpp C S-Todo-4-m ethvl-2-(trimethvlacetvnaminopvridine 

A mixture of 5-amino-4-methyl-2- 
10 (trimemylacetyl)aminopyridine (1 .0 g, 4.82 mmol) in 34 mL of 

diiodomethane containing isoamyl nitrite (4.0 mL, 29.77 mmol) was 
heated at 85 °C for 0.5 h, cooled to room temperature and evaporated at 
60 °C under high vacuum to give a red semi-solid. The crude material 
was purified by silica gel column chromatography using 10% ether / 
15 hexane as eluant to give the title compound. 

lH NMR (400 MHz, CDCI3): 6 1.30 (s,9H); 2.40 (s,3H); 7.90 (b,lH); 
8.22 (s,lH); 8.45 (s,lH). 

20 Step D: 5-Et hvnvl-4-methvl-2-ftrimethvlacetvnaminoPvridine 

To a mixture of 5-iodo-4-methyl-2- 
trimethylacetylaminopyridine (176 mg, 0.55 mmol) in tetrahydrofiiran 
(0.60 mL), triethyamine (3.32 mL), bis(triphenylphosphine)palladium(II) 

25 chloride (4 mg), copper(I) iodide (1.1 mg) and (trimethylsilyl)acetylene 
(117 uL, 0.83 mmol) were added. The mixture was stirred at room 
temperature for 3 h. The mixture was diluted with chloroform (50 mL) , 
dried (Na2S04), and evaporated to give a tan solid. The crude solid was 
dissolved in methanol (5 mL), treated with IN potassium hydroxide (0.61 

30 mL) and stirred at room temperature 18 h. The mixture was evaporated to 
dryness, dissolved in chloroform (50 mL), dried over Na2S04, and 
evaporated to a solid. The product was purified by silica gel column 
chromatography using 10% ethyl acetate / hexane to yield the title 
compound. 
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lH NMR (400MHz, CD 3 OD): o 1.30 (s,9H); 2.45 (s,3H); 3.85 (s,lH); 

8.02 (s,lH); 8.30 (s,lH); 

Mass spectrum (FAB): m/e = 217 (M+l). 

5 

Step E: 2-Amino-5-ethvn vl-4-methvl-pvridine 

A suspension of 5-ethynyl-4-methyl- 
2-(trimethylacetylamino)-pyridine (50 mg, 0.23 mmol) in 2N sodium 
10 hydroxide (1.0 mL) was heated at 90 °C for 18 h. The reaction mixture 
was cooled to room temperature, extracted with chloroform, dried 
(Na2S04), and evaporated to give a tan solid. The tide compound was 
purified by silica gel chromatography using 1% methanol / methylene 
chloride as eluant. 

15 

400 MHz lH NMR (CD3OD): 5 2.28 (s,3H); 3.59 (s,lH); 6.40 (s,lH); 
7.92 (s,lH); 

Mass spectrum (FAB): m/g = 133 (M+l). 

20 

EXAMPT/F 3*3 




25 2-Amino-4-methv1-5-pf> ntv1-pvririinp 

3tep A: 4-Methv1-7-(trimethv1acetvnamino-5-ri - P entvnvn-p vriHin f . 

The above compound was prepared in a similar fashion as 
30 Example 32, Step D, but substituting 1-pentyne in place of 
(trimethylsilyl)acetylene to yield the title compound. 
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lH NMR (400 MHz, CD3OD): 8 1.08 (t,3H); 1.30 (s,9H); 1.65 (q,2H); 
2.40 (s,3H); 2.45 (t,2H); 7.98 (s,lH); 8.20 (s,lH). 

5 Step B: 4-M ethvl-2-(trimethvlacetvnamino-5-f 1-pentvlVpvridine 

A solution of 4-methyl-2-(tximethylacetyl)amino-5-(l- 
pentynyl)-pyridine (225 mg, 0.87 mmol) in ethyl acetate (4.5 mL) 
containing platinum oxide (45 mg) was hydrogenated at atmospheric 
10 pressure for 1.5 h. The catalyst was removed by filtration through a 
Millex-HV 0.45um Filter Unit. Evaporation Of the filtrate gave the title 
compound. 

lH NMR (400 MHz, CD3OD): 50.95 (t,3H); 1.33(s,9H); 1.40 (m,4H); 
15 1.60 (m,2H); 2.35 (s,3H); 2.63 (m,2H); 7.84 (s,lH); 8.00 (s.lH); 
Mass spectrum (FAB): m/e = 263 (M+l). 

Step C: 5-(l-Pentvn-4-methvl-2-aminopvridine 

20 A suspension of 4-memyl-2-(trimemylacetyl)amino-5-(l- 

pentyl)-pyridine (233 mg, 0.89 mmol) in 2N hydrochloric acid (3 mL) 
was heated at 100 °C for 18 h. The solution was cooled to room 
temperature, made basic with 20% aqueous sodium carbonate and 
extracted with chloroform. The organic layer was dried (Na2S04), and 

25 evaporated. The product was purified by silica gel column 

chromatography using 2% methanol / methylene chloride to give the title 
compound. 

lH NMR (400MHz, CD3OD): 5 0.90 (t,3H); 1.35 (s,4H); 1.50 (m,2H); 
30 2.20 (s,3H); 2.45 (m,2H); 6.40 (s,lH); 7.58 (s,lH); 
Mass spectrum (FAB): m/e = 179 (M+l). 



35 



EX AMPLE 34 
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4-Methoxv-2-aminopYp^i rr 

4-Methoxy-2-aminopyridine was prepared from 4-chloro-2- 
ammopyridine by the method of G. B. Barlin et al (/. Chem. Sac. (B) 
1425, 1971). 

1H NMR (400 MHz, CDC1 3 ) 6 7.18 (d, 1H, J=7 Hz); 5.95 (dd 1H J=7 
Hz, J=2 Hz); 5.86 (d, 1H, J=2 Hz); 4.40(bs, 2H); 3.77 (s 3H) 
Mass spectrum (FAB): m/g = 129 (M+l). 



15 



EXAMPTF^ 
SCH< 



6l 



N NH 2 
^Methvlthio^-^min^pyp^inp 

20 Step A; 4-Meth v l frio-2-picolinic acid m. r h Y i g^cr 

4-Chloro-2-picolinic acid, methyl ester (1 .0 g, 5.8 mmol) 
and 1 4 g (20 mmol) of sodium thiomethoxide in 10 mL of methanol was 
placed m a sealed thick wall glass tube and heated at 100 o C for 1 h 
25 After coolling, the solution was acidified with 20 mmol of 12 N HQ in 5 
mL of water, then nitrogen gas was bubbled into the reaction until most 
of me Uhiomethanol was purged. A precipitate was isolated by filtration 
to yield 240 mg of title compound. 
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lH NMR (200 MHz, CDC13) 6 8.47(d,lH, J=5 Hz); 7.91(d, 1H, J=2 Hz); 
7.24 (dd, 1H, J=5 Hz, J=2 Hz); 3.98 (s, 3H); 2.51(s, 3H). 

5 Step R: 2-ATidocarbonv 1-4-methvlthiQPvridine 

4-Methylthio-2-picolinic acid, methyl ester (170 mg, 0.93 
mmol) and 40 uL of anyhydrous hydrazine in 2 mL of methanol was 
refluxed for 1 h under a nitrogen atmosphere. The solvent was removed 
1 0 under reduced pressure to afford the hydrazide ( 1 60 mg). 

lH NMR 400 MHz(CD30D) 6 8.36 (d,lH, J=5 Hz); 7.86 (d, 1H, J=2 
Hz); 7.35 (dd, 1H, J=5 Hz, J=2 Hz); 2.56(s, 3H). 

15 This material was suspended in 5 mL of 2N HC1 at 0 oC . 

Sodium nitrite (400 mg) was added portionwise to the solution with 
vigorous stirring. After stirring for 1 h, solid sodium bicarbonate was 
added portionwise until the pH = 6. A precipitate was isolated by 
filtration and it was washed successively with cold water (3X5 mL) and 

20 dried under vacuum to give 90 mg of 4-methylthio-2-acylazidopyridine 
which was used without further purification. 

Sjs p Ql 4-Memvlt hi"-?-«minopvridine 

25 The crude material from Step B above was suspended in 4 

mL of a 1 : 1 mixture of water and acetic acid and heated for 1 h at 100 °C. 
The solvent was removed under reduced pressure and the residue purified 
by silica gel column chromatography (95/5 - CH2CI2/ methanol) to yield 
25 mg of the title compound. 

30 

lH NMR (400 MHz, CDCI3) 8 7.85 (d, 1H, J=5 Hz); 6.48 (dd, 1H, J=5 
Hz, J=2 Hz); 6.26 (d, 1H, J=2 Hz); 4.38 (bs, 2H); 2.41 (s, 3H). 
Mass spectrum (FAB): m/e= 141 (M+l). 
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CH 3 0 2 C 

5 ^-ChlQro-^-methoxvcarhonvl^-ami^ o pYn H ip ^ 
Step A: N-RthvM-Dvridnnp- ^^-dicflrhnvY 1 ^ 

This intermediate was synthesized according to the method 
10 described by D. G. Markees (J. Org. Chem.. 23* 1030 (1958)). 

gtep B: 4-Ch1oronvridine-2.6-d^ ar h OX vii c flriH dj ragjhyj 

N-Ethyl-4-pyridone-2,6-dicarboxylic acid, prepared in Step 
15 A of Example 36, was treated with thionyl chloride and heated at 80 ©c 
as described in the literature. The excess thionyl chloride was removed 
under reduced pressure and the remaining residue was cooled to 0 <>c. 
The product was slowly poured into cold methanol with vigorous stirring. 
The solvent was then removed in vacuo and the crude product was 
20 purified by silica gel column chromatography. Two products were 
isolated: the higher Rf product was 4,6-dichloropicolinic acid methyl 
ester while the lower Rf product was the title compound. 



lH NMR (400 MHz, CDC1 3 ) 5 8.28 (s, 2H); 4.01 (s, 6H). 
Step C: 4-Chloro-6-carbometh oxv-2-aminopvridine 



4-Chloropyridine-2,6-dicarboxylic acid, dimethyl ester (230 
mg, 1 mmol) was converted to the monoacyl hydrazide by adding 
30 one-half equivalent of anyhydrous hydrazine. The monohydrazide was 
converted to the monoacyl azide by the methodology described in step B 
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of Example 35. The title compound was obtained by applying the 
methodology described in step C of Example 35. 

lH NMR (400 MHz, CDC13 ) 5 7.43 (d, 1H, J=1.5 Hz ); 6.65 (d, 1H, 
5 J=1.5 Hz ); 4.91 (bs, 1H); 3.93 (s, 3H). 
Mass spectrum (FAB): m/e= 187 (M+l). 



EXAMPLE 37 

10 




4.6-nimethvl-5-eth envl-2-aminopvridine 

15 Step A: 5-Fo rmvl-4.6-dimethvl-2-aminopvridine 

To a 250 mL round bottomed flask was added a magnetic 
stirrer bar, 4,6-dimethyl-5-cyano-2-aminopyridine (2.94 g, 20 mmol) 
(SALOR Chemical) and 100 mL of dry benzene. The flask was 

20 stoppered with a rubber septum, flushed with nitrogen and cooled to 10 
OC. A solution of DIBAL in toluene (1M, 40 mL; Aldrich) was slowly 
added to the reaction mixture via syringe over a 30 min period. The 
temperature was maintained at or below 25 °C during the addition. After 
the addition was complete, the solution was heated at 50 °C for 45 min, 

25 cooled to 0 °C. A solution of 2N HC1 was added portionwise with 

vigorous stirring. After the gas evolution ceased, ice water (50 mL) was 
added. The aluminum salt precipitant was removed by filtration. The 
mixed aqueous/organic solution was made slightly basic (pH=9) with 
sodium carbonate. The organic layer is decanted and the aqueous layer 

30 was extracted with 8 x 50 mL of ethyl acetate. The organic extracts were 
combined with the benzene layer and the solvent removed under reduced 
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pressure. The title compound was recovered 2.05 g (76%) and used as is 
in the next reaction. 

5 !mT« ^.f* 2, CDC ' 3 > 5 1036 (s " 1H); 614 «2 Os, 

5 1H); 2.65 (s, 3H); 2.49 (s, 1H). 



10 



15 



20 



25 



30 



Step B; 4 fi-PimgthYl-5-rthcnvi-2- i ,min^p Yri Tl j n f 

.• u J? 3 1 ° lnL rOUnd bottomed flask was added a magnetic 
anT^ m^ 0 - 2 ,w Ol) ° f ^"W^onium methyl bromide 
Z, 2? ° m,n00 ° f P 0 ^™ 1 t-butoxide. The flask is stoppered 
w.th a rubber septum, flushed with nitrogen and 5 mL of dry THF was 
added to the mixture. After stirring at room temperature for 1 h, the 

font^^ ^ - d " S ° IU,i0n 0f 170 m 8 <>•» ntmol) of 5- 
Slf fn yl " 2 "r n ° Pyridine » 2 ntL of THF was added. After 
turuig for 30 mmutes, the solution was warmed to 25 ° C and stirred for 

nurifSl v m W ? rem ° Ved iH VaC "° and 30(1 * e ^nrpound 

^ r 8 f ' COU,mn chromat °S™Phy ^uted with (methylene 
chloride / methanol (95:5). 

1H NMR (400 MHz, CDCI3 ) 8 6.58 (dd, IH, J=,8 Hz, J=l 1 Hz)- 5 44 

SSES J 2=^° (dd - ,H - « 8 * - « 

Mass spectrum (FAB): m/e = 171 (M+l). 



EX A MPT F 33 
NH 2 - HCI 

NH 2 HCI 
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2 , 4-niflminopvridi iK Hihvdrochloride 
Ste B A' 4-Methvl-2- «^t Y 1aminopvridine 

5 

This reagent was prepared from 4-methyl-2-aminopyndine 
by the method cited (Bull. Chem. Soc, 2k_542 (1957). 

StSP 4-r.arhoxv-2-acetvlaminoDvridine 

10 

In a 500 mL beaker fitted with a large Teflon coated 
magnetic stirrer bar was added 200 mL of water and 20 g (133 mmol) of 
4-methyl-2-acetylaminopyridine. The solution temperature was raised to 
85 °C and 46 g (291 mmol, 2.2 eq) of potassium permanganate was 

15 added portionwise over 1 h at such a rate that the solution temperature 
remained between 85-90 <>C. After permanganate addition was 
completed, the mixture was stirred for 30 min at 90 °C. The mixture was 
then filtered through a bed of celite while still hot and then the filtrate 
volume was reduced by two thirds in vacuo. After cooling to room 

20 temperature, the mixture was again filtered through celite. The pH of the 
filtrate was adjusted to 4.5 with concentrated HC1. The water was 
removed in vacuo and the product recrystallized from water/ethanol to 
give 3.4 g of the title compound. 

25 lH NMR (200 MHz, CD3OD) 8 8.60 (d, 1H, J=2 Hz); 8.39 (d, 1H, J=5 
Hz); 7.56 (dd, 1H, J=5 Hz, J=2Hz); 2.16 (s, 3H). 

Sn-p C- 4-Methox vcarhonvl-2-acetvlaminoDvridine 

> 

30 4-Carboxy-2-acetylaminopyridine (3.4 g, 19 mmol) was 

dissolved in methanol / benzene (100 mL, 1:1). TMS-diazomethane was 
added (1M, Aldrich) with cooling until the yellow color just persisted, 
then the solvent was removed under reduced pressure. The product was 
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purified by silica gel column chromatography (50/50 hexane/ethyl 
acetate) and 3.0 g of product was recovered. 

IH NMR (200 MHz, CDC1 3 ) 6 8.68 (d, IH, J=2 Hz); 8.35 (d, IH J=5 
5 Hz); 7.57 (dd, IH, J=5 Hz, J=2Hz); 3.92 (s, 3H); 2.16 (s, 3H). 

Step P; 2-ArervlRminopvriHj n ^-4-hvHr a7 iHA 

10 mm n ^^y^ny^-acetylarnmopvridine (210 mg, 1.1 
10 mmol) was converted to the corresponding hydrazide via the procedure 
described m the first part of step B of Example 35. 

SKSESiS? 8 840 (s IH): 835 <s ,H): 737 (dd - 1H - 

15 

Step E; 4-A7idor^rbonvl-2- a rPfy l ?T T1 ^^ rv rjfiin r 

The title compound was obtained from 

20 ^f™™^™- 4 -^*^ by the procedure described in the 
20 second part of step B of Example 35. 

SS. 00 ^ CD30D) 6 861 (d 1H); 842 a iH); 77 (t ' 1H * 

25 Step F: 4-Amino-2- fl ^ r Y^ m i nn p vri ^ j n ^ 

The title compound was obtained from 4-azidocarbonvl-2- 
acetylaminopyridine by the procedure described in step C of Example 35. 

30 1 H NMR (200 MHz, CD3OD) 8 7.69 (d, IH, J=6 Hz); 6.80 (d, IH J=2 
Hz); 6.45 (dd, IH, J=6 Hz, J=2Hz); 2.14 (s, 3H). 

Step Q: 2,4-OiaminonvridinP ^h Y droch1nriH^ 
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4-Amino-2-acetylaminopyridine (150 mg, 1.0 mmol) was 
dissolved in 5 mL of concentrated aqueous ammonium hydroxide and 
heated in a glass pressure tube for 18 h at 100 <>C. The solvent was 
removed under reduced pressure and the residue dissolved in 3 mL of 2N 
5 HC1. The solvent was removed under reduced pressure and the product 
isolated by recrystallization from ethanol to give 102 mg of the bis 
hydrochloride salt. 

lH NMR (200 MHz, CD3OD) 57.35 (bs, 1H); 6.12 (d, 1H, J=5 Hz); 

10 5.79 (bs, 1H). 

Mass spectrum (FAB): m/e = 110 (M+l). 

EXAMPLE 39 

15 




?- Amino-5-phenvlpvridine 

20 To a mixture of tetrakis(triphenylphosphine) 

palladium(O) (347 mg, 0.30 mmol) and 2-amino-5-bromopyridine (1.73 
g, 10 mmol) in benzene (20 mL) were added 2M sodium carbonate (10 
mL) and a solution of phenylboronic acid (1.38 g, 11 mmol) in the 
minimum amount of ethanol. The reaction mixture was stirred for 3 h at 

25 reflux temperature under a nitrogen atmosphere. After cooling, the 
mixture was extracted with ethyl acetate, washed with water, saturated 
brine solution, dried (MgS04), and evaporated. The title compound was 
obtained as a white crystalline solid after chromatography on silica gel 
(25% acetone/hexane); yield 320 mg (19%). 

30 
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lH NMR (400 MHz, CD 3 OD): 5 6.67 (d, 1H), 7.28 (d, 1H) 7 39 (t 
2H), 7.51 (d,2H), 7.73 (dd, 1H), 8.12 (d, 1H). 
Mass spectrum (FAB): m/e = 171 (M+l). 



15 



20 



EX A MPT F AH 




N* 



10 g-Amino^-methvl-^-p^^Ylpyrf^ipr 

, ™ C titlC com P° und was obtained by an analogous procedure 
to Example 39, but substituting 2-amino-5-bromo-4-methylpyridine in 
place of 2-amino-5-bromopyridine. 

lH NMR (400 MHz, CD3OD): 6 2.17 (s, 3H), 6.51 (s, 1H), 7.27-7.42 
(m, 5H), 7.68 (s, 1H). 
Mass spectrum (FAB): m/e = 185 (M+l). 



EX A MPT F 41 




25 2-Amino-5-hromo-4-m^Y 1 rY"^inf- 

Toasolution of2-amino-4-picoline(20g,0.185mol)in 
glacial acetic acid (185 mL) was added bromine (12.5 mL, 0.243 mol) 
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dropwise with stirring while maintaining the internal temperature 
between 15-20°C by cooling in an ice bath. After the addition was 
completed, the reaction was stirred for 1 h. The resulting solid was 
filtered, washed with water, and treated with dilute aqueous sodium 
5 hydroxide. The remaining white solid was filtered, washed with water 
and then hexane. Recrystallization from diethyl ether-cyclohexane 
afforded the tide compound; yield 8.1 g (23%). 

lH NMR (400 MHz, CD3OD): 5 2.25 (s, 3H), 6.51 (s, 1H), 7.89 (s, 

10 1H). 

Mass spectrum (FAB): m/e = 187 (M). 



EXAMPLE 42 
CH 3 




9-Amino-5-cvano-4-methvlDvridine 

20 A mixture of 2-amino-5-bromo-4-methylpyridine (4.0 g, 

21.4 mmol) and copper(I) cyanide (2.2 g, 24.6 mmol) in 
N,N-dimethylformamide (5 mL) was stirred for 4 h at reflux temperature. 
The hot mixture was poured into a warm solution of sodium cyanide (4.3 
g) in water (13 mL). After the mixture was vigorously shaken, the 

25 mixture was extracted with ethyl acetate. The organic extract was 

washed with 10% aqueous sodium cyanide, saturated brine solution and 
evaporated. The title compound was obtained as a solid after 
chromatography on silica gel (15% acetone/hexane); yield 1.81 g (64%). 

30 *H NMR (400 MHz, CD3OD): 8 2.32 (s, 3H), 6.44 (s, 1H), 8.17 (s, 
1H). 

Mass spectrum (FAB): m/e= 134 (M+l). 
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EXAMPT F 43 
CH 3 



5 tv*^ NH 2 



10 A <n ,^ A S ? Uti ° n ° f ^^""^^yano-t-methylpyridine (600 m fi 

HH, .™^ t M reflUX ttm P eratu "- The mixture was cooled and 

hv^hTo T (3 ,° ^ PH WaS adjuSted to 7 ™* -no. 
fita£ h IM hydrochIoric acid - ™e resulting solid was 

is m S ao%> y washed wi,h ether - 30(1 dried '« 

JH NMR (400 MHz, DMSO-d 6 ): 8 2.38 (s, 3H), 6.22 (s, 1H), 8.43 (s, 
Mass spectrum (FAB): m/e= 153 (M+1) 



EXAMPT F ^ 



CH 3 

H 3 C0 2 C, 




25 N"^NH 



2 
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A mixture of 2-amino-5-carboxy-4-methylpyridine (100 mg, 
0.657 mmol) in 7:3 benzene-methanol (4 mL) was treated with 
(trimethylsilyl)diazomethane (2M solution in hexanes, 0.33 mL, 0.66 
mmol). The mixture was evaporated and the residue chromatographed on 
5 silica gel eluting with 25% acetone/hexane to afford pure title compound; 
yield 88 mg (81%). 

lH NMR (400 MHz, CD3OD): 5 2.47 (s, 3H), 3.80 (s, 3H), 6.39 (s, 

1H), 8.48 (s, 1H). 
10 Mass spectrum (FAB): mZe - 167 (M+l). 



FX AMPLE 45 




?-Amino-5-aminom ethvl-4-methvlpvridinedihvdrochloride 

A solution of 2-ammo-5-cyano^-methylpyridine (200 mg, 
20 1 .50 mmol) in a mixture of ethanol (17 mL) and methanol (7 mL) was 
hydrogenated for 48 h at atmospheric pressure in the presence of IN 
hydrochloric acid (3 mL) and 10% palladium-on-charcoal (50 mg). The 
catalyst was removed by filtration through Celite, the filter washed with 
methanol, and the combined filtrate and washings evaporated. 
25 Crystallization from chloroform-methanol afforded pure title compound; 
yield 98 mg (31%). 

lH NMR (400 MHz, CD3OD): 5 2.45 (s, 3H), 4.1 1 (d, 2H), 6.82 (s, 

1H), 7.91 (s, 1H). 
30 Mass spectrum (FAB): mZe = 138 (M+l). 
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EXAMPT ,F. 46 



5 



10 



25 



O 

" H II 



CH 3 ^N 




>T NHj 



To a solution of 2-amino-5-aminomethyl-4-methylpyridine 
dihydrochloride (70 mg, 0.333 mmol) in methanol (2 mL) were added 
triethylamine (93 uL, 0.667 mmol) and acetic anhydride (47 uL, 0.498 
mmol). The reaction mixture was stirred for 2 h at room temperature and 
then evaporated. The residue was chromatographed on silica gel (10% 
methanol/methylene chloride) to afford pure tide compound. 

15 lH NMR (400 MHz, CD 3 OD): 6 1.96 (s, 3H), 2.31 (s, 3H), 4.22 (s 
2H), 6.62 (s, 1H), 7.68 (s. 1H). 
Mass spectrum (EI): mie = 179 (M+). 



20 EXAMPT ,F. 47 



HOCH 2 




2-Amino-5-hvdroxvm ethvl-4-mpthvlpvridine 

To a mixture of lithium aluminum hydride (LAH) (90 mg 
2.37 mmol) in dry tetrahydrofuran (THF) (2 mL) was added a solution of 
2-amino-5-methoxycarbonyl-4-methylpyridine (100 mg, 0.602 mmol) in 
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THF (1 mL). The reaction mixture was stirred for 1 h at reflux 
temperature. Excess LAH was decomposed by successive addition of 
water (90 uL), 15% sodium hydroxide (90 uL), and water (270 uL). 
Solids were removed by filtration through a pad of Celite. The title 
5 compound was obtained as a white crystalline solid after chromatography 
on silica gel (5-15% methanol/methylene chloride). 

lH NMR (400 MHz, CD3OD): 5 2.29 (s, 3H), 4.48 (s, 2H), 6.42 (s, 
1H), 7.72 (s, 1H). 
1 0 Mass spectrum (FAB): m/e = 1 39 (M+ 1 ). 



FX AMPLE 48 



15 




2-r2-Amino-3-PvridinoxvVeth vl-(SVglvcjnedihvdrochloride 

Step A ; N-(fgrf-Butvloxvcarbon vn-2-(2-amino-3-Pvridinoxv)-ethvl-(S>- 
20 glycine terf- hutvl ester 

To a solution of N-(/er?-butyloxycarbonyl)-(S)-homoserine 
terr-butyl ester (100 mg, 0.363 mmol) in tetrahydrofuran (4 mL) were 
added triphenylphosphine (190 mg, 0.724 mmol), 2-amino-3- 
25 hydroxypyridine (80 mg, 0.726 mmol), and diisopropyl azodicarboxylate 
(0.138 mL, 0.700 mmol). The reaction mixture was stirred for 24 h at 
room temperature and then evaporated. The residue was 
chromatographed on silica gel to afford the title compound; yield 14.5 
mg. 

30 
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lH NMR (400 MHz, CDCI3): o 1.40 (s, 9H), 1.47 (s, 9H), 2.12 (m, 1H), 
2.37 (m, 1H), 4.03-4.19 (m, 2H), 4.40 (m, 1H), 6.61 (dd, 1H), 7.00 (d, 
1H), 7.48 (d, 1H). 

Mass spectrum (FAB): m/e = 368 (M+l). 

5 

Step B: 2-(2-ATnino-3-Pvridinoxv>-ethvl-r5;^- g 1 v cine dihyrWhlnri ^ 

The compound from Step A (14.5 mg) was treated with 4N 
HCl/dioxane (0.5 mL) for 6 h at room temperature. The mixture was 
10 evaporated, coevaporated several times each with diethyl ether and 
methanol. After drying in vacuo, the title compound was obtained in 
quantitative yield. 

lH NMR (400 MHz, CD3OD): 5 2.41-2.61 (m, 2H), 4.32-4.43 (m, 3H) 
15 6.89 (t, 1H), 7.48 (app d, 2H). 



EXAMPTJR49 



20 




2-Amino-4.5-dimethvlpvridine hydrochloric 
S^P A: 2-Acetamido-4.5-dimet hvlpvrirtine. 

25 

Acetic anhydride (2.0 mL, 21 mmol) and 500 mg (4.09 
mmol) of a 4:1 mixture of 2-amino-3,4-dimethylpyridine and 2-amino- 
4,5-dimethylpyridine (prepared by the method of W.O. Siegl, J. 
Heterocycl. Chem. 1981, 18 y 1613-1618) were heated in a 135-140 °c oil 
30 bath for 2 h. The solution was concentrated on a rotary evaporator and 
the residue was chromatographed twice on silica gel, eluted with 30-50% 
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ethyl acetate in dichloromethane to give 71 mg of pure 2-acetamido-4,5- 
dimethylpyridine. 

1H NMR (200 MHz, CDCI3): 8 8.28 (bs, 1H), 8.00 (s, 1H), 7.97 (s, 1H), 
5 2.29 (s, 3H), 2.19 (s, 3H), 2.17 (s, 3H). 

Step B; 2-AnrinQ-4.5-dimethylpyridine hydrochlorider 

2-Acetamido-4,5-dimethylpyridine (50 mg, 0.30 mmol) was 
10 warmed in 3.0 mL of concentrated hydrochloric acid at 1 10-1 15 °C for 
10 h. The solution was then concentrated to give 48 mg (100% yield) of 
2-ammo-4,5-dimethylpyridine hydrochloride as a colorless white solid. 

1H NMR (400 MHz, CD3OD): 6 7.57 (s, 1H), 6.82 (s, 1H), 2.35 (s, 3H), 
15 2.17 (s,3H). 



EXAMPLE 50 



20 




2-Amino-3.5-dimethvlpvridine 



The title compound wa prepared by the method of W.O. 
25 Siegl, J. Heterocycl Chem. 1981, 18, 1613-8. 



EXAMPLE 51 



30 
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2-AMpp-5.6-dimethvlpvridi TK 

The tide compound was prepared by a modification of the 
5 method of G. Y. Lesher and M.D. Gruett, Belg. patent 612258, 1962. 



EXAMPLES 

10 CH 3 CH 2 ^C^NH 2 
2-Aminn-6- <r t^ Y ]rYri^inr 

The title compound was prepared by the method of SJ 
15 Childress and J.V. Scudi, 7. Org. Chem., 1958, 23, 67-69. 



EXAMPI F <n 
CH, 




20 N NH 2 

2-Amipo-6-n-bnten-l-v1V4-m < -th v lpvriHinP 
Sse ^ 4 1 6-Pimethv1-?-f2.5-di mP thvi r ^ oM _ v i V vr ,H jT ,. 



25 



A mixture of 2-amino-4,6-dimethylpyridine (20 0 g 164 
mmol), acetonylacetone (30 mL, 170 mmol), acetic acid (2.0 mL 35 
mmol), and sodium acetate trihydrate (200 mg, 1.5 mmol) in 14o'mL of 
toluene was heated to reflux for 48 h in a flask connected to a Dean-Stark 
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trap. After cooling to room temperature, the reaction mixture was 
washed with 50 mL each of 2.5 £J aqueous sodium hydroxide, water, and 
saturated aqueous sodium chloride. The organic layer was dried (sodium 
sulfate), decanted, and evaporated. The residue was distilled through a 1 
5 x 10 cm Vigreaux column to give 29.09 g (89% yield) of 4,6-dimethyl-2- 
(2,5-dimethylpyrrol-l-yl)pyridine as an almost colorless liquid boiling at 
93-97 OC (0.05 mm). 

1H NMR (400 MHz, CDCI3): 8 6.98 (s, 1H), 6.83 (s, 1H), 5.87 (s, 2H), 
10 2.54 (s, 3H), 2.38 (s, 3H), 2.1 1 (s, 6H). 

Calc. for C13H16N2: 77.96% C, 8.05% H, 13.99% N. Found: 77.53% 
C, 8.39% H, 14.34% N. 

Step R: 6-(3-Biiten-l-vn-4-m ethvl-2-r2.5-dimethvlPvrrol-l- 
15 yppyriding, 

A solution of 213 mg (1.06 mmol) of 4,6-dimethyl-2-(2,5- 
dimethylpyrrol-l-yl)pyridine in 1.2 mL of ethyl ether was added over a 5 
min period to a -25 °C solution prepared from 1.2 mL of ethyl ether and 

20 0.75 mL (1 .09 mmol) of 1 .45 M n-butyllithium in hexane. The mixture 
was stirred for 5 min at -25 °C and then allowed to warm to -5 <>C over 
10 min. Allyl bromide (0.105 mL, 147 mg, 1.21 mmol) was added and 
the mixture was allowed to warm to 10 °C over 1 h. Saturated aqueous 
ammonium chloride (10 mL) was added and the mixture was extracted 

25 with 20 mL of ethyl acetate. The organic layer was washed with 10 mL 
of saturated aqueous sodium chloride, dried (sodium sulfate), decanted, 
and evaporated. Column chromatography on 20 g of silica gel eluting 
with 5% ethyl acetate in hexane gave 175 mg (68% yield) of 6-(3-buten- 
l_yi)_^ me thyl-2-(2,5-dimethylpyrrol-l-yl)pyridine as a colorless oil. 

30 

1H NMR (400 MHz, CDCI3): 5 6.98 (s, 1H), 6.86 (s, 1H), 5.88 (s, 2H), 
5.86 (ddt, 1H, J = 17, 10, 7 Hz), 5.03 (dq, 1H, J = 17, 2 Hz), 4.97 (dm, 
1H, J = 10 Hz), 2.90 (t, 2H, J = 7 Hz), 2.51 (q, 2H, J = 7 Hz), 2.40 (s, 
3H), 2.12 (s, 6H). 
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Mass spectrum (FAB): m/e = 241 (M+l). 

§te P C; 2-Amino-6-r^-buten-1-vn- 4-methv1p vriHi»^ 

A mixture of 147 mg (0.612 mmol) of 6-(3-buten-l-yl)-4- 
methyl-2-(2,5-dimethylpyrrol-l-yl)pyridine and 215 mg (3.09 mmol) of 
hydroxylamine hydrochloride in 1.6 mL of 95% ethanol and 0.6 mL of 
water was heated overnight in a 100 o C oil bath. After cooling to room 
temperature, the solution was diluted with 25 mL of ethyl ether and 
washed with 15 mL of 2.5 N aqueous sodium hydroxide followed by 15 
mL of saturated aqueous sodium chloride. The aqueous layers were 
extracted in succession with 25 mL of ethyl ether. The combined ethyl 
ether layers were dried (sodium sulfate), decanted, and evaporated. Flash 
column chromatography on 6 g of silica gel eluting with 100 mL of 1 • 1 
ethyl acetate/dichloromethane gave 82 mg (83% yield) of 2-amino-6-(3- 
buten- 1 -yl)-4-methylpyridine as a pale yellow oil. 

IH NMR (400 MHz, CDC1 3 ): 8 6.37 (s, IH), 6.20 (s, IH), 5.87 (ddt, IH 
J =17, 10, 7 Hz), 5.06 (dq, IH, J = 17, 2 Hz), 4.98 (dm, IH, J = 10 Hz), 
4.60 (bs, 2H), 2.69 (t, 2H, J = 7 Hz), 2.44 (q, 2H, J = 7 Hz), 2.22 (s, 3H). 
Mass spectrum (FAB): m/e = 163 (M+ 1 ). 

Calc. for C10H14N2: 74.02% Q 8.70% H, 17.28% N. Found: 73 82% 
C, 8.77% H, 17.43% N. 



EX A MPT F 34 
CHo 



A. 



CH 3 CH 2 ^ N 'N H2 
30 2-Aminn-6-ethvl-4-Tn ethvlp vriHin f . 
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a- 6-F.thv1-4- m e thvl-2-(2.5-dimethvlpvrro1-1-vl)pvriding, 

By analogy to Example 53, Step B, 4,6-dimethyl-2-(2,5- 
dimethylpyrrol-l-yl)pyridine was treated with n-butyllithium and then 
5 iodomethane to give 6-ethyl-4-methyl-2-(2,5-dimethylpyrrol- 1 - 
yl)pyridine as a colorless oil in 64% yield. 

1H NMR (400 MHz, CDCI3): 8 6.99 (s, 1H), 6.85 (s, 1H), 5.88 (s, 2H), 
2.82 (q, 2H, J = 7 Hz), 2.40 (s, 3H), 2.13 (s, 6H), 1.31 (t, 3H, J = 7 Hz). 
10 Calc. for C14H18N2: 78.46% C, 8.47% H, 13.07% N. Found: 78.39% 
C, 5.58% H, 13.24% N. 

Step «- 2-Ami no-6-ethvl-4-methvlPvridine, 

15 By analogy to Example 53, Step C, 6-ethyl-4-methyl-2-(2,5- 

dimethylpyrrol-l-yl)pyridine gave 2-amino-6-ethyl-4-methylpyridine as 
an almost colorless oil in 88% yield. 

1H NMR (400 MHz, CDCI3): 5 6.38 (s, 1H), 6.20 (s, 1H), 4.63 (bs, 2H), 
20 2.63 (q, 2H, J = 7 Hz), 2.23 (s, 3H), 1.26 (t, 3H, J = 7 Hz). 

Calc. for C8H12N2: 70.55% C, 8.88% H, 20.57% N. Found: 70.26% C, 

8.65% H, 20.46% N. 



25 EXAMPLE 55 




CH 3 



(CH 3 )2CH N NH 2 



2- Amino-4-methvl-6-f 1 -m ftth vlethvnpvridine 



30 
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vnpvridinp 

By analogy to Example 53, Step B, 6-ethyl-4-methyl-2-(2 5- 
5 dimethylpyrrol-l-yl)pyridine was treated with n-butyllithium and then ' 
lodomethane to give 4-methyl-6-(l.methylethyl)-2-(2,5-dimethylpyrrol- 
l-yl)pyndine as an almost colorless oil in 52% yield 

l H NMR (400 MHz, CDC1 3 ): 5 6.99 (s, 1H), 6.84 (s, 1H), 5.89 (s, 2H) 
10 3.1 1 (septet, 1H, J = 7 Hz), 2.40 (s, 3H), 2.15 (s, 6H), 1.31 (d, 6H, J = 7 
Hz). 

Mass spectrum (FAB): m/e = 229 (M+l). 
S*®^ 2-Amino-4-methvl-6-n-m^ h Y i et hvi^ vr i^ i n < > 

By analogy to Example 53, Step C, 4-methyl-6- 
(l-methylethyl)-2-(2,5-dimethylpyrrol-l-yl)pyridine gave 2-amino-4- 
me±yl-6-(l-methylethyl)pyridine in 69% yield as a colorless oil which 
spontaneously crystallized. 



15 



20 



1H NMR (400 MHz, CDCI3): 5 6.38 (s, 1H), 6.17 (s, 1H), 4.37 (bs, 2H) 
2.83 (septet, 1H, J = 7 Hz), 2.21 (s, 3H), 1.24 (d, 6H, J = 7 Hz) 
Mass spectrum (EI): mZe = 1 50 (M+). 

Calc. for C9H14N2: 71.96% C, 9.39% H, 18.65% N. Found: 71 95% C 
25 9.26% H, 18.43% N. ' 



EXAMPTF^ 
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?-Aminn-6-f4-amin nhutv1V4-methvlDvridine 

^ v A • 4-Methv1-2-r2.5-dimethvlpvrro1- 1 -vlV 6-(4-(2.5- 
riimftthvlpvrrol- 1 -v nhutvnpvridine. 

5 

A solution of 297 mg (1.49 mmol) of 4,6-dimethyl-2-(2,5- 
dimethylpyrrol-l-yl)pyridine (from Example 53, Step A) in 1.5 mL of 
ethyl ether was added to a -20 °C solution prepared from 3.0 mL of ethyl 
ether and 1.2 mL (1.7 mmol) of 1.4 M n-butyllithium in hexane. The 

10 mixture was stirred for 1 h at -20 to -15 °C with the formation of a 

preciptate. Tetrahydrofuran (1.0 mL) was added, the resulting orange-red 
solution was cooled to -45 °C, and 400 mg (1.85 mmol) of l-(3- 
bromopropyl)-2,5-dimethylpyrrole (S.P. Bruekelman, S.E. Leach, G.D. 
Meakins, and M.D. Tirel, J. Chem. Soc, Perkin Trans. 1, 1984, 2801-7) 

15 was added in one portion. The mixture was allowed to warm to 10 °C 
over 1.75 h, quenched with 10 mL of saturated aqueous ammonium 
chloride, and extracted with 20 mL of ethyl acetate. The organic layer 
was washed with 10 mL of saturated aqueous sodium chloride, dried 
(sodium sulfate), decanted, and evaporated. The residue was purified by 

20 flash column chromatography on 50 g of silica gel, eluting with 1 .2 L of 
5% ethyl acetate in hexane to give 402 mg (80% yield) of 4-methyl-2- 
(2,5-dimethylpyrrol- 1 -yl)-6-(4-(2,5-dimethylpyrrol- 1 -yl)butyl)pyridine as 
an almost colorless oil. 

25 1H NMR (400 MHz, CDCI3): 5 6.94 (s, 1H), 6.86 (s, 1H), 5.88 (s, 2H), 
5.75 (s, 2H), 3.73 (t, 2H, J = 7 Hz), 2.81 (t, 2H, J = 7 Hz), 2.38 (s, 3H), 
2.18 (s, 6H), 2.11 (2, 6H), 1.82 (quintet, 2H, J = 7 Hz), 1.64 (quintet, 2H, 
J = 7 Hz). 

Mass spectrum (EI): m/e = 335 (M + ). 
30 Calc. for C22H29N3: 78.76% C, 8.71% H, 12.52% N. Found: 78.68% 
C, 8.65% H, 12.45% N. 



Step B: 2-Amino-6-(4-amino hutvn-4-methvlpvridine 
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4-Methyl-2-(2,5-dimethylpyrrol-l-yl)-6-(4-(2,5- 
dimethylpyrrol-l-yl)butyl)pyridine (429 mg, 1.28 mmol) was dissolved 
in 6.5 mL of 95% ethanol and 2.5 mL of water was added followed by 
818 mg (1 1.8 mmol) of hydroxylamine hydrochloride and 450 mg (6.96 

5 mmol) of 87% potassium hydroxide. The mixture was heated in a 100 
OC oil bath for 18 h. After cooling the reaction to room temperature, 
most of the ethanol was removed on a rotary evaporator. The residue was 
partitioned between 10 mL of 2 H aqueous hydrochloric acid and 20 mL 
of ethyl ether. The aqueous layer was made strongly basic by the 

0 addition of solid 87% potassium hydroxide and then extracted with 3 x 20 
mL of ethyl ether. The combined ethyl ether extracts were dried over 
potassium hydroxide and sodium sulfate, decanted, and evaporated The 
residue was purified by flash column chromatography on 6 g of silica gel 
eluting with 100 mL of 1% ammonium hydroxide and 7% methanol in 

) dichloromethane followed by 100 mL of 2% ammonium hydroxide and 
10% methanol in dichloromethane to give 172 mg (75% yield) of 2- 
ammo-6-(4-aminobutyl)-4-memylpyridine as a light amber oil. 

1H NMR (400 MHz, CDCI3): 5 6.37 (s, 1H), 6.16 (s, 1H), 4.29 (bs, 2H) 

' I"' J = 7 mX 2 - 57 (t ' 2H ' J - 7 Hz >' 2.19 (s, 3H), 1.70 (quintet, ' 

2H, J = 7 Hz), 1 .50 (quintet, 2H, J = 7 Hz). 

Mass spectrum (FAB): n^e = 180 (M+l). 



EX A MPT .F. 




AcNH ^^^^N NH 2 



6-(4-Acetamidobutvn-2-amino-4-me t hvlpvriHjp p 
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Triethylamine (0.059 mL, 43 mg, 0.42 mmol) and acetic 
anhydride (0.029 mL, 31 mg, 0.031 mmol) were added to a solution of 50 
mg (0.028 mmol) of 2-amino-6-(4-aminobutyl)-4-methylpyridine (from 
Example 56) in 1.0 mL of dichloromethane. The solution was allowed to 

5 stand for 48 h at room temperature, then diluted with 25 mL of ethyl 
acetate and washed with 12 mL of saturated aqueous sodium bicarbonate 
and 12 mL of saturated aqueous sodium chloride. The aqueous layers 
were extracted in succession with 15 mL of ethyl acetate. The combined 
organic layers were dried (sodium sulfate), decanted, and evaporated. 

10 The residue was purified by flash column chromatography on 3.5 g of 
silica gel, eluting with 100 mL of 5% methanol in dichloromethane to 
give 27 mg (44% yield of 6-(4-acetamidobutyl)-2-amino-4- 
methylpyridine as an oil which spontaneously crystallized. 

15 1H NMR (400 MHz, CDCI3): 6 6.35 (s, 1H), 6.17 (s, 1H), 5.76 (bs, 1H), 
4.32 (bs, 2H), 3.27 (q, 2H, J = 7 Hz), 2.58 (t, 2H, J = 7 Hz), 2.20 (s, 3H), 
1.97 (s, 3H), 1.71 (quintet, 2H, J = 7 Hz), 1.55 (quintet, 2H, J = 7 Hz). 
Mass spectrum (FAB): mZe = 222 (M+l). 

20 

EXAMPLE 5g 




25 2-Amino-6-(2 -hvdroxvethv1V4-methvlpyridine 

Step A: 6-f2-Hvdroxvethvn-4 -methvl-2-(2.5-dimethvlPvrrol-l- 
ynpvridine. 

30 A solution of 2.97 mg (14.8 mmol) of 4,6-dimethyl-2-(2,5- 

dimethylpyrrol-l-yl)pyridine (from Example 53, Step A) in 15 mL of 
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ethyl ether was added to a -20 o C solution prepared from 30 mL of ethyl 
ether and 12 mL (17 mmol) of 1 .4 M n-butyllithium in hexane. The 
mixture was stirred for 1 h at -20 to -15 o C with the formation of a 
precipitate. Tetrahydrofuran (10 mL) was added, giving an orange-red 
5 solution of the intermediate anion. Paraformaldehyde in a separate flask 
was heated to 150-160 <>c, generating formaldehyde gas. The 
formaldehyde, diluted with nitrogen, was introduced as a gas stream 
impinging on the anion solution (kept at -15 to -10 oq until the anion 
color had faded (20-30 min). The mixture was stirred an additional 15 

10 mm, quenched by the addition of 50 mL of saturated aqueous ammonium 
chloride, and extracted with 50 mL of ethyl acetate. The organic layer 
was washed with 30 mL of saturated aqueous sodium choride, dried 
(sodium sulfate), decanted, and evaporated. The residue was purified by 
flash column chromatography on 90 g of silica gel eluting with 2 L of 

15 30% ethyl acetate in hexane to give 1.55 g (45% yield) of 6-(2- 

hyclroxyemyl)-4-memyl-2-(2,5-cUmemylpyrrol-l-yl)pyridine as a 
colorless oil. 



20 



25 



30 



IH NMR (400 MHz, CDC1 3 ): 6 7.00 (s, IH), 6.90 (s, IH), 5.89 (s, 2H) 

1 ?h 3 = 5 HZ> ' 3 78 (t ' 1H ' J = 5 Hz) ' 3 02 2H, J = 5 Hz), 2.40 
(s, 3H),2.13(s, 6H). 

Mass spectrum (FAB): m/e = 231 (M+l). 

Stgp P: 2-Amino-6-r?-hvdrn y y P t} 1 Y^- 4 . methv i pvrj ^ jpr 

6-(2-Hydroxyethyl)-4-methyl-2-(2,5-dimethylpyrrol-l- 
yDpyndine (457 mg, 1.98 mmol) was dissolved in 5.0 mL of 95% ethanol 
and 2.0 mL of water was added followed by 625 mg (8.99 mmol) of 
hydroxylamine hydrochloride and 350 mg (5.36 mmol) of 86% potassium 
hydroxide. The mixture was heated in a 100 <>C oil bath for 24 h, the 
cooled to room temperature and partitoned between 15 mL of 2 N 
aqueous hydrochloric acid and 30 mL of dichloromethane. The aqueous 
layer was made strongly basic by the addition of solid 86% potassium 
hydroxide and extracted with 3 x 30 mL of ethyl ether. The ethyl ether 
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layers were dried (sodium sulfate), decanted, and evaporated. The 
residue was purified by flash column chromatography on 25 g of silica 
gel, eluting with 20% isopropanol in dichloromethane to give 201 mg 
(67% yield) of 2-amino-6-(2-hydroxyethyl)-4-methylpyridine as a 
colorless oil which spontaneously crystallized. 

1H NMR (400 MHz, CDCI3): 8 6.35 (s, 1H), 6.20 (s, 1H), 4.32 (bs, 2H), 
3.94 (t, 2H, J = 6 Hz), 2.80 (t, 2H, J = 6 Hz), 2.20 (s, 3H). 
Mass spectrum (FAB): ffi/e = 153 (M+l). 



EXAMPLE 59 
CH 3 

HO2C 

n-f2-f6-Aminn-4-methv1pvrid-2-vn ethvnglvcine dihvdrochloride 

Step A: 6-(2-Memane su1fonvloxvethv1V4-rnethvl-2-(2.5- 
dimethvlpvrrol-1 -vDpvridine. 




A solution of 2.00 g (8.68 mmol) of 6-(2-hydroxyethyl)-4- 
memyl-2-(2,5-dimethylpyrrol-l-yl)pyridine (from Example 58, Step A) 
and 1.82 mL (1.32 g, 13.1 mmol) of triethylamine in 20 mL of 
dichloromethane was cooled to 0 °C and 0.68 mL (1.0 g, 8.8 mmol) of 
25 methanesulfonyl chloride was added over 5 min. The mixture was stirred 
another 25 min at 0 °C, diluted with 70 mL of ethyl acetate, and washed 
with 30 mL each of water, saturated aqueous sodium bicarbonate, and 
saturated aqueous sodium chloride. The organic layer was dried (sodium 
sulfate), decanted, and evaporated to give 2.68 g (100% yield) of 6-(2- 
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methanesulfonyloxyethyl)-4-methyl-2-(2,5-dimethylpyrrol- 1 -yl)pyridine 
as a viscous pink oil. 

1H NMR (400 MHz, CDC1 3 ): o 7.04 (s, 2H), 6.93 (s, 2H), 5.90 (s, 2H), 
5 4.66 (t, 2H, J = 6 Hz), 3.22 (t, 2H, J = 6 Hz), 2.91 (s, 3H), 2.42 (s, 3H), 
2.13 (s,6H). 

Step P; Diethyl 2-acetamido-2- a-r6-amino-4.methv1pvriH-?- 

vnethvnmalopn^ 

10 

Sodium hydride (52 mg of 60% oil dispersion, 1.30 mmol) 
was added to a solution of 3 1 0 mg ( 1 .43 mmol) of diethyl 
acetamidomalonate in 2.0 mL of ^A^-dimethylformamide. After 30 min, 
72 mg (0.20 mmol) of tetrabutylammonium iodide was added followed 

15 by 200 mg (0.65 mmol) of 6-(2-methanesulfonyloxyethyl)-4-methyl-2- 
(2,5-dimethylpyrrol-l-yl)pyridine in 1.0 mL of MTV-dimethylformamide. 
The reaction was stirred at room temperature for 30 min, at 60 °C for 20 
h, and at room temperature for 3 d. The reaction was diluted with 30 mL 
of ethyl acetate and washed with 15 mL each of saturated aqueous 

20 sodium bicarbonate and saturated aqueous sodium chloride. The aqueous 
layers were extracted in succession with 30 mL of ethyl acetate. The 
combined organic layers were dried (sodium sulfate), decanted, and 
evaporated. The crude product was purified by flash column 
chromatography on 15 g of silica gel, eluting with 300 mL of 10% ethyl 

25 acetate in dichloromethane to give 243 mg (87% yield) of diethyl 2- 

acetamido-2-(2-(6-amino-4-methylpyrid-2-yl)ethyl)malonate as a tan 
solid. 

1H NMR (400 MHz, CDCI3): 8 6.97 (s, 1H), 6.85 (s, 1H), 5.87 (s, 2H), 
30 4.3 1-4. 17 (m, 4H), 2.79-2.72 (m, 2H), 2.70-2.63 (m, 2H), 2.37 (s, 3H), 
2.12 (s, 6H), 2.01 (s, 3H), 1.26 (t, 3H, J = 7 Hz). 
Mass spectrum (FAB): m/e = 430 (M+l). 
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SiSE Cj 7V-Acetv 1-«-f2-(6-amino-4-methvlpvrid-2-vnethvnglvcine 
methvl ester. 

Diethyl 2-acetamido-2-(2-(6-arrrino-4-methylpyrid-2- 
5 yl)ethyl)malonate (2.54 g, 5.92 mmol) was dissolved in 38 ml of 95% 
ethanol. Water (7.5 mL) and 87% potassium hydroxide (2.55 g, 39.4 
mmol). were added and the solution was stirred at room temperature for 6 
h. Hydroxylamine hydrochloride (3.87 g, 55.7 mmol) and water (7.5 mL) 
were added and the mixture was heated in a 100 °C oil bath for 14 h. 

10 The reaction mixture was poured into 120 mL of 2 H aqueous 

hydrochloric acid and washed with 2 x 120 mL of ethyl ether. The 
aqueous layer was evaporated and the residue was triturated with 40 mL 
of methanol and then 4x10 mL of methanol. The methanol extracts 
were evaporated to give 6.63 g of residue. A solution of 2.98 g of this 

15 residue in 13.5 mL of water was loaded on to an ion exchange column 
packed with 100 mL of Dowex 1X8-100 resin in the hydroxide form. 
The column was washed with 400 mL of water and 800 mL of 0.5 N 
aqueous hydrochloric acid. The column was regenerated and then 
another 2.98 g of the residue was passed down the column. The acid 

20 elution fractions were pooled and evaporated to give 2.54 g of orange 
foam. This material was dissolved in 100 mL of methanol and treated 
with excess diazomethane in ether. After quenching with acetic acid and 
evaporation of the solvent, the residue was dissolved in 100 mL of ethyl 
acetate and washed with 50 mL each of saturated aqueous sodium 

25 bicarbonate and saturated aqueous sodium chloride. The aqueous layers 
were extacted in succession with 100 mL of ethyl acetate. The combined 
organic layers were dried (sodium sulfate), decanted, and evaporated to 
give 1.46 g of orange film. Flash column chromatography on 40 g of 
siliea gel eluting with 800 mL of 50% ethyl acetate in dichloromethane 

30 followed by 1 L of 5-10% methanol in dichloromethane gave 547 mg of 
slightly impure product. Chromatography on 40 g of silica gel eluting 
with 1% ammonium hydroxide and 10% isopropanol in dichloromethane 
gave 473 mg (30% yield) of N-acetyl-a-(2-(6-amino-4-methylpyrid-2- 
yl)ethyl)glycine methyl ester. 
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IH NMR (400 MHz, CDC1 3 ): 5 6.79 (d, IH, J = 7 Hz), 6.33 (s, IH), 6.15 
s, IH) 4.60 (td, IH, J = 7, 5 Hz), 4.29 (bs, 2H), 3.69 (s, 3H), 2.69-2.54 
(m, 2H), 2.24-2.04 (m, 2H), 2.17 (s, 3H), 1.98 (s, 3H). 
5 Mass spectrum (FAB): mis = 266 (M+1). 

«-(2-r6-Amino-4-m ft thvl rv HH-2-vlWhyl> p i Y ^; r ^ 

dlhvdror>f^oriH r 



10 



15 



20 



25 



A^-Acetyl-a-(2-(6-aniino-4-methylpyrid-2-yl)ethyl)glycirie 
methyl ester (200 mg, 0.75 mmol) was heated in 6.0 mL of refluxine 2 N 

aqueous hydrochloric acid for 2.5 h. The solution was cooled and ~ 
evaporated. The residue was dissolved in 2.75 mL of warm methanol and 
the solution was concentrated to a volume of 1-1.5 mL. Ethyl acetate 
(1.0 mL) and seed crystals were added. The crystals were separated 
using a Craig tube and recrystallized again to give 122 mg (58% yield) of 

a-(2-(6-amino-4-methylpyrid-2-yl)ethyl)glycine dihydrochloride as white 
crystals. 

IH NMR (400 MHz, CD3OD): o 6.68 (s, IH), 6.66 (s, IH), 4.06 (t, IH J 
= 6 Hz), 3.04-2.86 (m, 2H), 2.39-2.20 (m, 2H), 2.37 (s, 3H) 
Calc. for C10H17CI2N3O2: 42.57% C, 6.07% H, 14.89% N. Found- 
42.61% C, 6.06% H, 14.73% N. 



EXAMPT F fiO 
C2H5. 



N NH2 



30 2-Aminn-5-e thvlpvriHinP 
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Stsp A • 3-( 5-Ethv1-2-pvridinvl V2 2-dimethv1-2.3-dihvdro-(4/f)- 1 ,3- 
hftn7.nxazin-4-one. 

A solution of 172 mg (0.87 mmol) of 4-chloro-2,2-dimethyl- 
5 (2H)- 1 ,3-benzoxazine (K. Wachi and A. Terada, Chem. Pharm. Bull., 
1980, 28, 465-472) and 215 mg (1.75 mmol) of 3-ethylpyridine AT-oxide 
(S. Hibino and E. Sugino, J. Heterocycl. Chem., 1990, 27, 175) in 1.6 mL 
of methylene chloride was heated to reflux for 9 h with stirring. After 
cooling the reaction, 30 mL ethyl acetate was added and the mixture was 
10 washed in succession with 10 mL saturated sodium bicarbonate and 10 
mL of saturated aqueous sodium chloride. The organic solution was 
dried (sodium sulfate), decanted, and evaporated to give a yellow liquid. 
Flash column chromatography on 17 g of silica gel, eluting with 100 mL 
of 5% ethyl acetate/hexane and 500 mL of 7% ethyl acetate/hexane 
1 5 furnished 84 mg (33% yield) of 3-(5-ethyl-2-pyridinyl)-2,2-dimethyl-2,3- 
dihydro-(4H)-l,3-benzoxazin-4-one as a colorless syrup. 

1H NMR (400 MHz, CDCI3): 8 8.36 (dd, 1H, J = 3, 1 Hz), 7.97 (dd, 1H, 
J = 8, 2 Hz), 7.58 (dd, 1H, J = 8, 3 Hz), 7.46 (td, 1H, J = 8, 2 Hz), 7.21 (d, 
20 1H, J = 8 Hz), 7.07 (td, 1H, J = 8, 2 Hz), 6.94 (dd, 1H, J = 8, 1 Hz), 2.68 
(q, 2H, J = 7 Hz), 1.71 (s, 6H), 1.27 (t, 3H, J = 7 Hz). 
Mass spectrum (FAB): mie= 283 (M+l). 

Step R: 2-Amino-5-ethvlPvridine 

25 

Following the general method of K. Wachi and A. Terada 
{Chem. Pharm. Bull., 1980, 28, 465-472), a mixture 81 mg (0.29 
mmoles) of 3-(5-ethyl-2-pyridinyl)-2,2-dimethyl-2,3-dihydro-(4//)-l,3- 
benzoxazin-4-one and 2.0 mL of concentrated hydrochloric acid was 
30 heated to reflux for 8 h. The reaction was cooled to room temperature 
and the solvent was evaporated. The residue was dissolved in 4 mL ethyl 
acetate and washed with 3 x 1 mL of a 1:1 mixture of 10% of aqueous 
sodium hydroxide solution and saturated aqueous sodium chloride. The 
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organic solution was dried (sodium sulfate), decanted, and evaporated to 
give 26 mg (84% yield) of 2-amino-5-eth y lp yri dine as 2 anZ^ 

IH NMR (400 MHz, CD 3 OD): 5 7.71 (bs, 1H), 7 34 (dd 1H J - « 0 
Hz), 6.53 (d, 1H, J = 8 Hz), 2.48 (o, 2H, J = 7 Hz) U6 ^ 3H ^= 7 Hz, 



EXAMPi^ 

10 ^(Xh 2 

2-Aminn-(S-h fn ^ Y l r yridinr 



1 « r * ,nJ tilTed SOlUti ° n ° f 3 0 « (18 mmo1 ) 2-benzylpyridine and 

1990 27 .™ 4 * ° and E - Su S mo - X Heterocycl. Chem 

20 30' n^lT 8 '° r °° m tem ~<=- —don was 1 

ailuttd with 30 mL ethyl acetate and neutralized with sodium carbonate 
The sodrum acetate was separated by filtration and the fdtrate ^S' 
(sodrum carbonate) and concentrated ,o give a yellow oU Hash co^nfn 
chromatography on 125 g of silica gel using 7 of L 20% acl^emvT 
acetate furnished 2.58 g (79% vieldi nf 9 i ~!- a f etone/e ™y' 

25 amber syrup. * ^^^dme IV-oxide as an 

'H NMR (400 MHz, CDCI3): 5 8.29-8.26 (m, 1H) 7 37-7 30 fn, 7H> 

7.30-7.22 (m, 3H), 7.14-7.10 (m, 2H). 6.93-6.89 "m, , H) 4 25 

Mass spectrum (FAB): mfe= 170 (M-15). n ^-^(s,2H). 



(4ff)- 1 . 3-hen7nTa 7 j n -4- ?n . 



2-Pimethvl-3- l 6-nh-nv|. 1 ). t [ 1v |. ? .p Vrj f1i| 
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By analogy to Example 60, Step A, 2-benzylpyridine N- 
oxide was converted into 2,2-dimethyl-3-(6-phenylmethyl-2-pyridinyl)- 
2,3-dihydro-(4#)-l,3-benzoxazin-4-one. 

5 1H NMR (400 MHz, CDC1 3 ): 8 7.97 (dd, 1H, J = 8, 2 Hz), 7.64 (t, 1H, J 
= 8 Hz), 7.46 (td, 1H, J = 8, 2 Hz), 7.31-7.17 (m, 5H), 7.12 (d, 1H, J = 8 
Hz), 7.07 (t, 1 H, J = 7Hz), 7.06 (d, 1H, J = 7 Hz), 6.93 (d, 1H, J = 8 Hz), 
4.12 (s,2H), 1.65 (s,6H). 

10 Mass spectrum (FAB): m/e = 345 (M+l). 

Qt^p r 2-Amino-6-benzvlpvndine 

By analogy to Example 60, Step B, 2,2-dimethyl-3-(6- 
15 benzyl-2-pyridinyl)-2,3-dihydro-(4/0-13-benzoxazin-4-onewas 

converted into 2-amino-6-benzylpyridine. 

1H NMR (400 MHz, CDCI3): 6 7.33-7.16 (m, 6H), 6.40 (d, 1H, J = 7 
Hz), 6.30 (d, 1H, J = 8 Hz), 4.40 (bs, 2H), 3.95 (s, 2H). 
20 Mass spectrum (FAB): mZs= 185 (M+l). 



FX AMPLE 62 




25 

9- A T nino-6.7-dihvdro-( SHVpvrindine 

Sjgp A- 6.7-D ihvriro-(5H)-pyrinriine Af-oxide. 

30 

By analogy to Example 61, Step A, 3.0 g (25.2 mmol) of 
6,7-dihydro-(5H)-pyrindine was converted into crude 6,7-Dihydro-(5H)- 
pyrindine N-oxide. Hash column chromatography on 100 g of silica gel, 
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5 



eluting with 4 L of 50% ethyl acetate/dichloromethane and 2 5 L of 5% 
methanol/dichloromethane furnished 2.7 g (88% yield) of 6,7-Dihydro- 
(5#)-pynndine W-oxide as a white solid. 

1H NMR (400 MHz, CDCI3): 5 8.02 (d, IH, J = 6 Hz), 7.09 (d 1H J = 7 
Hz) 7.04 (t, 1H, J = 7 Hz), 3.15 (t, 2H, J = 7 Hz), 3.00 (t, 2H, J - 7 Hz), 
2. 1 6 (quintet, 2H, J = 7 Hz). 
Mass spectrum (FAB): mis = 120 (M-15). 

By analogy to Example 60, Step A, 6,7-Dihydro-(5#)- 

15 vnT^ "T^ W ^ converte ° into 3K6,7-dihydro-(5^)-l-pyrindin-2- 
yi;-z,z-oimemyl-2,3-dihydro-(4^0- l,3-benzoxazin-4 -one. 

1H « IT.T MHz - CDCl3): 5 786 (dd - 1H - J = «• 2 7 « (d, ih, j 

= 8 Hz), 7.45 (td, 1H, J = 8, 2 Hz), 7.06 (td, 1H, J = 8, I Hz) 7 01 (d 1H 

20 Hz) 2^V 6 93 ^ ™' J , = 8 H2> - 2 " (t ' 2H - J = 7 " ' 

20 Hz), 2. 14 (quintet, 2H, J = 7 Hz), 1 .70 (s, 6H). 

Mass spectrum (FAB): mZe = 295 (M+l) 

Calc. for Ci 8 Hi 8 N20 2 : C 73.45% C, 6.16% H, 9.52% N. Found- 
73.21% C, 5.95% H, 9.43% N. 

25 ?-Am»no-6 7-dihvdm-rs^)- rYr ; r ^ inr 

By analogy to Example 60, Step B, 3-(6,7-dihydro-(5#)-l- 
Pynndm-2^^ 
^ 2-amino-6,7-dihydro-(5H)-pyrindine as a white solid in 44% yield. 

'H NMR (400 MHz, CDC1 3 ): 5 7.27 (d, IH, J = 8 Hz), 6.28 (d, IH J = 8 
Hz), 4.27 (br, 2H), 2.85 (t, 2H, J = 7 Hz), 2.80 (t, 2H, J = 7 Hz), 2 08 
(quintet, 2H, J = 7 Hz). 
Mass spectrum (EI): mis = 133 (M-l). 
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FX AMPLE 63 



CH 3 




7-A ] pi"r>-4-methvl-5 6 7 R-tetrahvdroauinoline 

^ P a- 4-Methvl -S 6 7 R-tetrahvdroauinoline 

Using the general method of F.W. Vierhapper and E. L. Eliel 
(J. Org. Chem., 1975, 40, 2729), a solution of 4.97 g (34.7 mmol) of 
lepidine in 35 mL of trifluoroacetic acid was shaken with 580 mg of 
platinum oxide under 50 psi of hydrogen for 18 h. After filtering off the 

15 catalyst, the solution was concentrated to about 20 mL and diluted with 
25 mL of water. The aquous solution was chilled in ice, and basified 
carefully with 35 mL of 50% aqueous sodium hydroxide. The aqeuous 
layer was then extracted with 4 x 50 mL of diethyl ether. The organic 
layers were dried over potassium hydroxide, decanted, and concentrated 

20 to yield 4.7 g (92% yield) of 4-methyl-5,6,7,8-tetrahydroquinoline as an 
amber oil. 

1H NMR (400 MHz, CDCI3): 5 8.20 (d, 1H, J = 5 Hz), 6.86 (d, 1H, J = 5 
Hz), 2.88 (t, 2H, J = 6 Hz), 2.62 (t, 2H, J = 6 Hz), 2.18 (s, 3H), 1.88-1.78 
25 (m, 4H). 

jg^ ptt- ?-Amin o -4-methvl-5.6.7.8-tetrahvdroquinQline- 

Following the general method of W.O.Siegl, (J. Heterocycl. 
30 Chem., 1981, 18, 1613-18), 4-methyl-5,6,7,8-tetrahydroquinoline (1.47 g, 
10.0 mmol) and 2.0 mL of MW-dimethylaniline were added to 438 mg 
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sodium amide (1 1.2 mmol) in a round bottom flask fitted with a 
mechanical stirrer and a reflux condenser. The mixture was heated at 180 
°C under nitrogen for 24 h . The mixture was poured onto crushed ice 
and stirred until gas evolution ceased. The aquous solution was extracted 
5 with 5 x 15 mL of diethyl ether. The organic solution was dried (sodium 
sulfate), decanted and concentrated to give a red liquid which was 
purified by flash column chromatography on 200 g of silica gel, eluting 
with 500 mL of dichloromethane, 1L of 50% ethyl 
acetate/dichloromethane, 2 L of 80% ethyl acetate/dichloromethane, and 
10 1 L of ethyl acetate to give 254 mg of pink crystals. Kugelrohr distillation 
at 100-120 OC (0.3 mm) yielded 230 mg (15% yield) of 2-amino-4- 
methyl-5,6,7,8-tetrahydroquinoline as a white solid. 

1H NMR (400 MHz, CDCI3): 8 6.19 (s, 1H), 4.10 (bs, 2H), 2.69 (t, 2H, J 
15 =5 Hz), 2.48 (t, 2H, J = 5 Hz), 2.08 (s, 3H), 1.82-1.72 (m, 4H). 
Mass spectrum (FAB): m/e = 149 (M+l). 



EXAMPLF.64 

20 




3-Amino-5.6.7.8-tetrahvdrois o au innlinft 

25 , Usin g the method of Example 63, Step A, 75 mg of 3- 

aminoisoquinoline (7.73 mmoles) and 8.7 mg platinum oxide in 2 mL of 
trifluoroacetic acid was shaken under 40 psi of hydrogen for 3 h. The 
mixture was filtered and catalyst was washed with ethyl acetate. After 
concentrating the filtrate, the residue was dissolved in 10 mL of ethyl 

30 acetate and washed with 5 mL of saturated aquous sodium bicarbonate. 
The organic solution was dried (sodium sulfate), decanted, and 
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concentrated to give a yellow syrup. Flash coumn chromatography on 19 
g of silica gel, eluting with 600 mL of 50% ethyl acetate/hexane gave 
26.5 mg (34% yield) of 3-amino-5,6,7,8-tetrahydroisoquinoline as a pale 
yellow solid. 

5 

1H NMR (400 MHz, CDCI3): 5 7.78 (s, 1H), 6.22 (s, 1H), 4.12 (bs, 2H), 
2.65-2.56 (m, 4H), 1.78-1.68 (m, 4H). 
Mass spectrum (FAB): m/e= 149 (M+l) 

10 

EXAMPLE 65 




15 1-Amino-5.6 .7.8-tetrahvdroisoauinoline 

Using the method described in Example 63, Step B, a 
mixture of 2.0 g (15.0 mmol) of 5,6,7,8-tetrahydroisoquinoline and 644 
mg (16.5 mmol) of sodium amide in 2.5 mL of xylene was stirred at 150 

20 °C overnight. The crude material was purified by flash column 
chromatography on silica gel eluting with 0-100% ethyl 
acetate/dichloromethane, and the partially purified material was distilled 
using a Kugelrohr apparatus at 100-105 °C (0.3 mm). Recrystallization 
of the distallate from a hexane/toluene mixture gave 120 mg of 1-amino- 

25 5,6,7,8-tetrahydroisoquinoline as a white solid containing approximately 
7% of 1-aminoisoquinoline. 

1H NMR (400 MHz, CDCI3): 6 7.78 (d, 1H, J = 5 Hz), 6.41 (d, 1H, J = 5 
Hz), 4.28 (bs, 2H), 2.63 (t, 2H, J = 6 Hz), 2.36 (t, 2H, J = 6Hz), 1.88-1.80 
30 (m, 2H), 1.78-1.70 (m, 2H). 

Mass spectrum (FAB): ffi/e = 149 (M+l). 



WO 96/18616 



PCT/US95/16151 



-89- 



EXAMPLE 66 



5 




2-Amino-6-(3-aminopropvn-4-methv1pvridinfi 
Step A: l-(2-Bromo ethvn-2.6-dimethvlpvrro1e. 

10 

By analogy to the preparation of l-(3-bromopropyl)-2,5- 
dimethylpyrrole (S.P. Bruekelman, S.E. Leach, CD. Meakins, and M.D. 
Tiral, J. Chem. Soc. Perkin Trans. 1, 1984, 2801-7), 2-bromoethylamine 
hydrobromide was converted into l-(2-bromoethyl)-2,6-dimethylpyrrole. 

15 

1H NMR (400 MHz, CDCI3): 5 5.79 (s, 2H), 4.1 1 (t, 2H, J = 8 Hz), 3.40 

(t, 2H, J = 8 Hz), 2.24 (s, 6H). 

Mass spectrum (FAB): mZe_= 202 (M+l). 

20 StepP: 4-Methvl-2-r2.5-dimethv1pv rro1-1-vlV6-n-r7 S- 

dimethvlpvrrol- 1 -vl Wonvnpvririinft 

By analogy to Example 53, Step B, l-(2-bromoethyl)-2,6- 
dimethylpyrrole was converted into 4-methyl-2-(2,5-dimethylpyrrol-l- 
25 yl)-6-(3-(2,5-dimethylpyrrol- 1 -yl)propyl)pyridine. 

1H NMR (400 MHz, CDCI3): 8 6.95 (s, 1H), 6.85 (s, 1H), 5.86 (s, 2H), 
5.73 (s, 2H), 3.78 (t, 2H, J = 8 Hz), 2.80 (t, 2H, J = 8 Hz), 2.37(s, 3H), 
2.16 (s, 6H), 2.09 (s, 6H), 2.09-1.98 (m, 2H). 
30 Mass spectrum (FAB): mZe= 322 (M+l). 
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Stgp C: 2-Amino-6-(3-aminop ropvn-4-methvlpvridine. 

By analogy to Example 56, Step B, 4-methyl-2-(2,5- 
dimethylpyrrol- 1 -yl)-6-(3-(2,5-dimethylpyrrol- 1 -yl)propyl)pyridine was 
5 treated with 9.2 equivalents of hydroxylamine hydrochloride and 5.4 
equivalents of potassium hydroxide in refluxing ethanol/water to yield 2- 
amino-6-(3-aminopropyl)-4-methylpyridine. 

1H NMR (400 MHz, CD 3 OD): 5 6.36 (s, 1H), 6.43 (s, 1H), 2.62 (t, 2H, J 
10 =7 Hz), 2.54 (t, 2H, J = 7 Hz), 2.18 (s, 3H), 1.79 (quintet, 2H, J = 7 Hz). 
Mass spectrum (FAB): m/e = 166 (M+l). 



EXAMPLE 67 

15 



CH 



3 




H 2 N N NH 2 



2-Amino-6-f2-aminoethvn-4 -methvlpvridine 

20 Step A: 4-Methvl-2-(2.5-dim e thv1pv rrol- 1 -vlV6-f 2- 

phthalimidoethvl^pvridine. 

To a stirred solution of 250 mg (0.906 mmol) of 6-(2- 
methanesulfonyloxyethyl)-4-methyl-2-(2,5-dimethylpyrrol- 1 -yl)pyridine 

25 (from Example 59, Step A) in 0.70 mL of dry tyAT-dimethylformide was 
added 336 mg (1.81 mmol) of potassium phthalimide and 67 mg (0.18 
mmol) of tetrabutylammonium iodide. The mixture was stirred at room 
temperature for 2 h and at 40 °C for 20 h. The reaction was diluted with 
50 mL of dichloromethane, washed with 30 mL of saturated aqueous 

30 sodium bicarbonate and 30 mL of saturated aqueous sodium chloride, 
dried (sodium sulfate), decanted, and evaporated. To remove the 
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contaminating phthalimide, the residue was dissolved in 40 mL of diethyl 
ether and washed 2 x 20 mL of 2.5 N aqueous sodium hydroxide 
followed by saturated aqueous sodium chloride. The organic phase was 
dried (sodium sulfate), decanted, and concentrated. Hash column 
chromatography on 26 g of silica gel, eluting with 200 mL of 7% of ethyl 
acetate/hexane and 500 mL of 30% of ethyl acetate/hexane furnished 206 
mg (63% yield) of 4-methyl-2-(2,5-dimethylpyrrol-l-yl)-6-(2- 
phthalimidoethyl)pyridine as an amber syrup. 

1H NMR (400 MHz, CDCI3): 8 7.78 (dd, 2H, J = 6, 3 Hz), 7.66 (dd 2H 
J = 6, 3 Hz), 6.96 (s, 1H), 6.84 (s, 1H), 5.81 (s, 2H), 4.07 (t, 2H J = 7 
Hz), 3.13 (t, 2H, J = 7 Hz), 2.33 (s, 3H), 2.06 (s, 6H). 
Mass spectrum (FAB): mZe = 360 (M+l). 



15 



vnpvriding 



20 



25 



30 



To a solution of 4-methyl-2-(2,5-dimethylpyrrol- 1 -yl)-6-(2- 
phtfiahmidoethyDpyridine (100 mg, 0.28 mmol) in 1.0 mL of methanol 
under nitrogen at room temperature was added hydrazine (0.018 mL 0 56 
mmol) via syringe. The mixture was stirred at room temperature 
overnight. Dichloromethane (2.0 mL) was added to the reaction The 
precipitate was removed by filtration and washed with another 2 mL of 
dichloromethane. The combined filtrates were concentrated The 
resulting residue was chromatographed on 7 g of silica gel, eluting with 
100 mL of 5% methanol/dichloromethane followed by 200 mL of 96 4- 1 
dicmoromemane/methanol/triethylamine to give 44 mg (68% yield) of 6- 

(2-aminoemyl)-4-memyl-2-(2,5-mmemylpyrrol-l-yl) py ridine as colorless 
syrup. 

'H NMR (400 MHz, CDCI3): 8 6.98 (s, 1H), 6.86 ( s , 1H), 5.86 (s, 2H) 

I' n f 2^ = 6 HZ) ' 2 95 (t - 2H - 1 " 6 Hz) " 2 67 «*• 2H >- 2 " ( S , 3H)! 
2.10 (s,6H). ' 

Mass spectrum (FAB): m/e = 230(M+1). 
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r- ?-ATnino-6-r2-amino pthvn-4-methvlpvridine. 

By analogy to Example 56, Step B, 6-(2-aminoethyl)-4- 
5 methyl-2-(2,5-dimethylpyrrol- 1 -yl)pyridine was treated with 4.6 
equivalents of hydroxylamine hydrochloride and 3.2 equivalents of 
potassium hydroxide in refluxing ethanol/water to yield 2-amino-6-(2- 
anunoemylM-memylpyridine. 

10 *H NMR (400 MHz, CD3OD): 6 6.35 (s, 1H), 6.26 (s, 1H), 2.91 (t, 2H, J 
= 7 Hz), 2.66 (t, 2H, J = 7 Hz), 2.18 (s, 3H). 
Mass spectrum (FAB): m/e= 152 (M+l). 



FX AMPLE 68 




?- A, mino-4-methvl -fi-propvlpvridine 

20 

Sjs b A' 4-Methv1-2-r2.5-dimeth v1pvrro1-1-vn-6-nropylPVndme. 

By analogy to Example 53, Step B, the anion of 4,6- 
aUmemyl-2-(2,5-dimethylpyrroi-l-yl)pyridine was alkylated with 
25 bromoethane to give 4-methyl-2-(2,5-dimethylpyrrol- l-yl)-6- 
propylpyridine. 

1H NMR (400 MHz, CDCI3): 5 6.94 (s, 1H), 6.81 (s, 1H), 5.85 (s, 2H), 
2.73 (t, 2H, J = 7 Hz), 2.36 (s, 3H), 2.10 (s, 6H), 1.74 (sextet, 2H, J = 7 
30 Hz), 0.93 (t, 3H, J = 7 Hz). 

Mass spectrum (FAB): m/e = 229 (M+l). 
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SiSE-Bj 2-Amino-4- m ethv1-6-p r OP vlpvririii K 



By analogy to Example 56, Step B, 4-methyl-2-(2,5- 
5 dimethylpyrrol- 1 -yl)-6-propylpyridine was treated with 4.6 equivalents of 
hydroxylamine hydrochloride and 2.8 equivalents of potassium hydroxide 
in refluxing ethanol/water to yield 2-amino-4-methyl-6-propylpyridine. 

1H NMR (400 MHz, CDCI3): 6 6.33 (s, 1H), 6.13 (s, 1H), 4.27 (bs, 2H) 
10 2.51 (t, 2H, J = 7 Hz), 2.17 (s, 3H), 1.66 (sextet, 2H, J = 7 Hz), 0 93 (t 
3H, J = 7 Hz). v ' 

Mass spectrum (FAB): m/e = 151 (M+l). 



EXAMPT.F60 




2-Amino-4-m gthv1-6-f3 - ph envlprnpv1> p Y ^H^ a 

StoAl 4-Methvl-2-f? S-dimPth^pY^ oM _ vl 

phenvlpronyDpyridine 



By analogy to Example 53, Step B, the anion of 4,6- 
dimethyl-2-(2,5-dimethylpyrrol-l-yl)pyridine was alkylated with (2- 
bromoethyl)benzene to give 4-methyl-2-(2,5-dimethylpyrrol-l-yl)-6-(3- 
phenylpropyl)pyridine. 

1H NMR (400 MHz, CDCI3): 8 7.26 (t, 2H, J = 7 Hz), 7.19-7 13 (m 
3H), 6.93 (s, 1H), 6.82 (s, 1H, 5.85 (s, 2H), 2.79 (t, 2H, J = 7 Hz), 2.64 (t 
2H, J = 7 Hz), 2.36 (s, 3H), 2.10 (s, 6H), 2.06 (quintet, 2H, J = 7 Hz) 
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Mass spectrum (FAB): m/e = 305 (M+l). 

Rt^ pp- 2-Amino -4-methvl-6-(3-phenvlpropvl)pyridine. 

5 By analogy to Example 56, Step B, 4-methyl-2-(2,5- 

dimethylpyrrol-l-yl)-6-(3-phenylpropyl)pyridine was treated with 4.6 
equivalents of hydroxylamine hydrochloride and 2.8 equivalents of 
potassium hydroxide in refluxing ethanol/water to yield 2-amino-4- 
methyl-6-(3-phenylpropyl)pyridine as a yellow oil which spontaneously 

10 crystallized. 

1H NMR (400 MHz, CDCI3): 8 7.28-7.22 (m, 2H), 7.20-7.12 (m, 3H), 
6.33 (s, 1H), 6.14 (s, 1H), 4.26 (bs, 2H), 2.65 (t, 2H, J = 8 Hz), 2.59 (t, 
2H, J = 8 Hz), 2.17 (s, 3H), 2.04-1.93 (m, 2H). 
15 Mass spectrum (FAB): mis = 227 (M+l). 

Calc.forCi5Hi8N 2 : 79.61% C, 8.02% H, 12.38% N. Found: 79.45% 

C, 7.96% H, 12.34% N. 



20 EXAMPLE 7Q 




7-^ m i""-4-m ft thvl-6-(4-DhenvlbutvDpvridine 

25 

flft-p ft- 4-Meth v1-2-f2.5-dimethv1pvrrol-l-vn-6-(4- 
phenvlhiitvnpvridine. 

By analogy to Example 53, Step B, the anion of 4,6- 
30 dimethyl-2-(2,5-dimethylpyrrol- 1 -yl)pyridine was alkylated with 1 - 
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bromo-3-phenylpropane to give 4-methyl-2-(2,5-dimethylpyirol-l-yl)-6- 
(4-phenylbutyl)pyridine. 

1H NMR (400 MHz, CDC1 3 ): 6 7.27-7.21 (m, 2H), 7.17-7.12 (m, 3H) 
5 6.91 (s, 1H), 6.81 (s, 1H), 5.85 (s, 2H), 2.77 (t, 2H, J = 7 Hz), 2.62 (t 2H 
J = 7 Hz), 2.35 (s, 3H), 2.09 (s, 6H), 1.78 (quintet, 2H, J = 7 Hz) 1 64 ' 
(quintet, 2H, J = 7 Hz). 
Mass spectrum (FAB): m^£= 319 (M+l). 

Calc. for C22H 26 N 2 : 82.97% C, 8.23% H, 8.80% N. Found: 82.78% C 
10 8.03% H, 8.58% N. 

Stgp B: ^-Amino-^methvi-ft-ra-ph ^vihufynp yriH^,, 

, c J . fi y ^ogy to Example 56, Step B, 4-methyl-2-(2,5- 

15 dimethylpyrrol-l-yl)-6-(4-phenylbutyl)pyridine was treated with 4 6 
equivalents of hydroxylamine hydrochloride and 2.8 equivalents of 
potassium hydroxide in refluxing ethanol/water to yield 2-amino-4- 
methyl-6-(4-phenylbutyl)pyridine as a yellow oil. 

20 1 H NMR (400 MHz, CDCI3): 8 7.24 (t, 2H, J = 7 Hz), 7.17-7.12 (m 

Tlu f ( ^ H) ' 613 (S ' 1H) ' 4 44 (b8 « 2H) ' 2 62 <«• 2H ' J = ^ Hz) 2.56 
(t, 2H, J = 7 Hz, 2.16 (s, 3H), 1.74-1.60 (m, 4H). 

Mass spectrum (FAB): m/e = 241 (M+l). 



25 



EXAMPT.F. 71 




NH 2 



2-Amino-4-methv1-6-r^-m e thv1hiitvl) r Y r4H^ < , 
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^ r ft - ^MPthv1-6-( ^-mPthv1hiitvn-?-(? 5-dimethylpyrrQH- 
vnpvridine. 

A solution prepared by the addition of 1.58 mL (2.85 mmol) 
5 of 1.8 M phenyUithium in 70:30 cyclohexane/diethyl ether to 4.0 mL of 
diethyl ether was stirred at -10 ©C. 4,6-Dimethyl-2-(2,5-dimethylpyrrol- 
l_yl)pyridine (500 mg, 2.5 mmol) was added as a solution in 1.7 mL of 
diethyl ether and the mixture was stirred lh at -5 to -10 °C. The red 
solution was then cooled to -45 °C and 0.354 mL (566 mg, 3.08 mmol) 
10 of l-iodo-2-methylpropane was added in one portion. The reaction was 
warmed slowly to 10 °C, stirring a total 2 h after addition of the iodide. 
The reaction was then quenched with 10 mL of saturated aqueous 
ammonium chloride and extracted with 30 mL of ethyl acetate. The 
organic phase was washed with 10 mL of saturated aqueous sodium 
15 chloride, dried over sodium sulfate and concentrated to give a yellow oil. 
Purification by flash column chromatography on silica gel, eluting with 
dichloromethane/hexane yielded 330 mg (52% yield) of 4-methyl-6-(3- 
methylbutyl)-2-(2,5-dimethylpyrrol-l-yl)pyridine as a yellow oil. 

20 1H NMR (400 MHz, CDCI3): 5 6.95 (s, 1H), 6.81 (s, 1H), 5.86 (s, 2H), 
2.67 (t, 2H, J = 7 Hz), 2.36 (s, 3H), 2.10 (s, 6H), 1.63-1.51 (m, 3H), 0.92 
(d,6H,J = 6Hz). 

Mass spectrum (FAB): xni&- 257 (M+l). 
25 fttep B: ? .Amino-4-T nethvl-6-(3-^^ h Y lh » tv ^P vridine - 

By analogy to Example 56, Step B, 4-methyl-6-(3- 
methylbutyl)-2-(2,5-dimethylpyrrol-l-yl)pyridine was treated with 4.6 
equivalents of hydroxylamine hydrochloride and 2.8 equivalents of 
30 potassium hydroxide in refluxing ethanoywater to yield 2-amino-4- 
methyl-6-(3-methylbutyl)pyridine as an amber oil. 
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1H NMR (400 MHz, CDC1 3 ): 8 6.35 (s, 1H), 6.13 (s, 1H), 4.24 (bs, 2H), 
2.56.2.51 (m, 2H), 2.17 (s, 3H), 1.64-1.48 (m, 3H), 0.91 (d, 6H, J = 6 
Hz). 

Mass spectrum (FAB): m/g = 179 (M+l). 
5 Calc. for CiiHi 8 N 2 : 74.11% C, 10.19% H, 15.71% N. Found: 73 82% 
C, 10.24% H, 15.63% N. 



10 



EXAMPT .F. 11 




N NH 2 



15 



2-Amino-4-m e thv1-fi-f9- r ^ hviprnpvi) pYrj ^ jro 



vDpvridine 



ivlDvrrol-T. 



By analogy to Example 71, Step A, the anion of 4,6- 
dimeth y l-2-(2,5-dimethyl Py rrol-l-yl)pyridine was alkylated with 2- 

Z^)pZZe° give ^ meAyl_6 - (2 - me ^^^ 

MHZ ' CDCl3): 8 6 92 (S ' 1HX 6 81 (s > 1H >' 5 ' 85 C 2H), 
25 W 6H J = ; Hz) ^ 218 " 2 05 (m ' 1HX 2 08 (S ' 6H) ' 0 90 

Mass spectrum (FAB): m/e = 243 (M+l). 

2-Ami PO -4-methv1-6-r7- m ^| 1Y | rronvn p V HH^. 

30 fi y analogy to Example 56, Step B, 4-methyl-6-(2- 

methylpro P yl).2-(2,5-dimethylpyrrol-l-yl) P yridine was treated with 4.6 
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equivalents of hydroxylamine hydrochloride and 2.8 equivalents of 
potassium hydroxide in refluxing ethanol/water to yield 2-amino-4- 
methyl-6-(2-methylpropyl)pyridine as a white solid. 

5 1H NMR (400 MHz, CDCI3): 8 6.30 (s, 1H), 6.13 (s, 1H), 4.24 (bs, 2H), 
2.39 (d, 2H, J = 7 Hz), 2.17 (s, 3H), 2.08-1.94 (m, 1H), 0.89 (d, 6H, J = 7 
Hz). 

Mass spectrum (FAB): mZe.=165 (M+l). 

10 

EXAMPLE 73 




15 9-ATnino-4-m e.thvl-6-f2-phenv1ethvl)Pvridine 

<^ p A- 4-Methv 1-7-r2.5-dimethvlpvrro1-l-vl)-6-(2- 
rh?PY lftthvl pyridine. 

20 By analogy to Example 7 1 , Step A, the anion of 4,6- 

dimemyl-2-(2,5-dimethylpyrrol-l-yl)pyridine was alkylated with 
benzylbromide to give 4-methyl-2-(2,5-dimethylpyrrol-l-yl)-6-(2- 
phenylethyl)pyridine as an amber oil. 

25 m NMR (400 MHz, CDCI3): 5 7.28-7.22 (m, 2H), 7.19-7.14 (m, 3H), 
6.89 (s, 1H), 6.83 (s, 1H), 5.86 (s, 2H), 3.10-3.00 (m, 4H), 2.14 (s, 3H), 
2.11 (s, 6H). 

Mass spectrum (FAB): m/e = 291 (M+l). 



30 StepB: 2-Amino-4-methvl-6-(2-phenvl ethvl)PVriqine 
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By analogy to Example 56, Step B, 4-methyl-2-(2,5- 
dimethylpyrrol-l-yl)-6-(2-phenylethyl)pyridine was treated with 4.6 
equivalents of hydroxylamine hydrochloride and 2.8 equivalents of 
potassium hydroxide in refluxing ethanol/water to yield 2-amino-4- 
5 methyl-6-(2-phenylethyl)pyridine as a colorless oil. 

1H NMR (400 MHz, CDC1 3 ): 6 7.28-7.16 (m, 5H), 6.32 (s, 1H), 6.16 (s, 
1H), 4.29 (bs, 2H), 2.99-2.93 (m, 2H), 2.87-2.81 (m, 2H), 2.18 (s, 3H). 
Mass spectrum (FAB): m/e= 213 (M+l). 

10 



EXAMPLE 74 




5-(6-Ammo-4-methvl-2-Pvridinvnpentannir. ari d hydrochloride 

Step A; Methvl 5-(4-methv1-6-r? 5-dimethvlpvrrol- 1 -v1V2- 

pvridinvnpentannatft 

20 

By analogy to Example 53, Step B, the anion of 4,6- 
dimethyl-2-(2,5-dimethylpyrrol-l-yl)pyridine was alkylated with 
trimethyl 4-bromoorthobutyrate. The crude product was purified by flash 
column chromatography on silica gel, eluting with 10% ethyl acetate in 
25 hexane to give the hydrolysis product of the orthoester intermediate. 

Methyl 5-(4-methyl-6-(2,5-dimethylpyrrol- l-yl)-2-pyridinyl)pentanoate 
was isolated as an amber oil in 49% yield. 

1H NMR (400 MHz, CDCI3): 6 6.94 (s, 1H), 6.82 (s, 1H), 5.85 (s, 2H), 
30 3.64 (s, 3H), 2.76 (t, 2H, J = 7 Hz), 2.36 (s, 3H), 2.32 (t, 2H, J = 7 Hz), 
2.09 (s, 6H), 1.80-1.71 (m, 2H), 1.70-1.61 (m, 2H). 



WO 96/18616 



PCTAJS95/16151 



- 100- 

Mass spectrum (FAB): m/e = 301 (M+l). 

Calc.forCigH24N202: 71.97% C, 8.05% H, 9.63% N. Found: 71.80% 
C,8.11%H, 9.63% N. 

5 Step B: Methvl 5-( 6- amino-4-memvl-2-pvridinvttpentanoate. 

Methyl 5-(4-methyl-6-(2,5-dimethylpyrrol- 1 -yl)-2- 
pyridinyl)pentanoate (330 mg, 1.10 mmol) was dissolved in 6.0 mL of 
95% ethanol, and 1.0 mL of water was added followed by 199 mg (3.08 

10 mmol) of 87% potassium hydroxide. After 2 h, an additional 1 mL of 
water was added along with 351 mg (5.06 mmol) of hydroxylamine 
hydrochloride. The solution was heated to reflux for 20 h, then cooled 
and concentrated. The residue was dissolved in 15 mL of 2 N aqueous 
hydrochloric acid and washed with 2x10 mL of ethyl ether. The 

15 aqueous layer was evaporated and triturated with 3x5 mL of methanol. 
The methanol extracts were evaporated to give 619 mg of partially 
crystalline material. A portion (495 mg) of this material was dissolved in 
6.0 mL of methanol along with 510 mg (2.68 mmol) of /?-toluenesulfonic 
acid and heated to reflux for 20 h. The reaction was cooled and 

20 concentrated and the residue was partitioned between 25 mL of saturated 
aqueous sodium bicarbonate and 50 mL of ethyl acetate. The aqueous 
layer was extracted with 2 x 25 mL of ethyl acetate. The combined 
organic layers were washed with 50 mL of saturated aqueous sodium 
chloride, dried (sodium sulfate), decanted, and evaporated. The residue 

25 was purified by flash column chromatography on 20 g of silica gel, 

eluting with 500 mL of 50% ethyl acetate in dichloromethane to give 119 
mg (61% yield) of methyl 5-(6-amino-4-methyl-2-pyridinyl)pentanoate 
as an amber oil. 

30 1H NMR (400 MHz, CD3OD): 6 6.63 (s, 1H), 6.43 (s, 1H), 3.64 (s, 3H), 
2.51 (t, 2H, J = 7 Hz), 2.33 (t, 2H, J = 7 Hz), 2.17 (s, 3H), 1.69-1.57 (m, 
4H). 

Mass spectrum (FAB): m/e = 223 (M+l). 
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5-(6-Amino-4-methvl-?- r Y r;Hinvnppnt a no^ 

hydrochloride, 

A mixture of methyl 5-(6-amino-4-methyl-2- 
5 pyridinyl)pentanoate (1 19 mg, 0.536 mmol) in 10 mL of 2 0 N 
hydrochloric acid was refluxed for 3 h. After cooling to room 
temperature, the reaction was extracted with 2 x 10 mL of 
dichloromethane and the aqueous phase was concentrated in vacuo to 

1 n fl 6 13 . 4 m§ ° f 5 " (6 - amino - 4 - meth y I -2-pyridinyl)pentanoic acid 
10 hydrochloride as a pink solid. 

'H NMR (400 MHz, CD3OD): 5 6.64 (s, 1H), 6.63 (s, 1H), 2.72 (t, 2H J 
= 7 Hz), 2.38-2.32 (m, 5H), 1.78-1.61 (m, 4H). 
Mass spectrum (FAB): m/e = 209 (M+l). 
15 Calc. for Ci iHi 7 C1N 2 0 2 : 53.99% C, 7.00% H, 1 1.45% N, 14 49% CI 
Found: 53.60% C, 7.07% H, 1 1.27% N, 14.71% CI 



20 



30 



EXAMPTF7S 



H0 2 C 




4-(6-Amino-4-methvl-^-pvridinvnhnt gr ^ ^ acid HvfWh ^rH- 

25 SSSiLAl Piethvl (?.-(4-methv1-6-r9 S-Hj ^th^p^!^ ly > _ 

DVridinvlWhyl)^^^,^ 3LJ — 



Diethyl malonate (229 mg, 1 .43 mmol) was added dropwise 
via synnge over 5 min to a suspension of sodium hydride (52 mg of 60% 
oil dispension, 1.30 mmol) in 2.0 mL of W-dimemylformamide, and the 
mixture was stirred at room temperature until it became clear. A solution 
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of 200 mg (0.65 mmol) of 6-(2-methanesulfonyloxyethyl)-4-methyl-2- 
(2,5-dimethylpyrrol-l-yl)pyridine (from Example 59, Step A) in 1.0 mL 
of N,N-dimethylformamide was added to the reaction followed by 72 mg 
(0 19 mmol) of tetrabutylammonium iodide, and the reaction was stirred 
5 at room temperature for 3 h followed by 15 h at 65 <>C. The reaction was 
diluted with ethyl acetate (30 mL) and washed with 15 mL of saturated 
aqueous sodium bicarbonate and 15 mL of saturated aqueous sodium 
chloride. The combined aqueous layers were extracted with 30 ml of 
ethyl acetate and the combined organic layers were dried (sodium 
10 sulfate), decanted and concentrated. The residue was purified by flash 
column chromatography on 50 g of silica gel, eluting with 500 mL of 5% 
ethyl acetate/hexane and 700 mL of of 10% ethyl acetate/hexane to give 
97 mg (40% yield) of diethyl (2-(4-methyl-6-(2,5-dimethylpyrrol-l-yl)-2- 
pyridinyl)ethyl)malonate as a yellow oil. 

15 1H NMR (400 MHz, CDCI3): 5 6.95 (s, 1H), 6.84 (s, 1H), 5.85 (s, 2H), 
4.18 (q, 4H, J = 7 Hz), 3.34 (t, 1H, J = 7 Hz), 2.81 (t, 2H, J = 7 Hz), 2.36 
(s, 3H), 2.33 (q, 2H, J = 7 Hz), 2.10 (s, 6H), 1.25 (t, 6H, J = 7 Hz). 
Mass spectrum (FAB): mZe = 373 (M+l). 

20 

g* ^ r. nimftthv l r7-r6- a mino-4-methv1-2-Pvridinvl)ethvl)malonate. 

To a solution of diethyl (2-(4-methyl-6-(2,5-dimethylpyrrol- 
l-yl)-2-pyridinyl)ethyl)malonate (96 mg, 0.26 mmol) in 1.4 mL of 

25 ethanol was added 0.3 mL of water, followed by 105 mg of 87% 

potassium hydroxide (1 .63 mmol). After the mixture had been stirred at 
room temperature for 7 h., additional water (0.3 mL) was added along 
with 166 mg (2.39 mmol) of hydroxylamine hydrochloride. The mixture 
was refluxed 12 h. After removing solvent in vacuo, the residue was 

30 dissolved into 10 mL of 2.0 H aqueous hydrochloric acid and washed 
with 2 x 10 mL of diethyl ether. The aqueous phase was concentrated 
and swirled with 3 x 1 mL of methanol. The methanol extracts were 
combined, filtered, and evaporated. The residue was dissolved in 5.0 mL 
of methanol along with 149 mg (0.78 mmol) of p-toluenesulfonic acid 
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and heated to reflux for 16 h. The reaction was cooled and concentrated 
and the residue was partitioned between 15 mL of saturated aqueous 
sodium bicarbonate and 30 mL of ethyl acetate. The organic layer was 
washed with 15 mL of saturated aqueous sodium chloride, dried (sodium 
sulfate), decanted, and evaporated. The residue was purified by flash 
column chromatography on 10 g of silica gel, eluting with 200 mL of 
40% ethyl acetate in dichloromethane and 200 mL of 50% ethyl acetate 
in dichloromethane to give 36 mg (52% yield) of dimethyl (2-(6-amino- 
4-methyl-2-pyridinyl)ethyl)malonate. 

IH NMR (400 MHz, CD3OD): 8 6.32 (s, IH), 6.25 (s, IH), 3.72 (s, 6H), 
3^42 (t, IH, J = 7 Hz), 2.53 (t, 2H, J = 7 Hz), 2.22-2.12 (m, 5H). 
Mass spectrum (EI): mZs = 266(M+). 



15 



hvdrochlnrjH? 



20 



25 



A mixture of dimethyl (2-(6-amino-4-methyl-2- 

pyndinyl)ethyl)malonate (34 mg, 0. 13 mmol) in 2.0 mL of 2 0 N 

hydrochloric acid was refluxed for 8 h. After cooling to room 

temperature, the reaction was extracted with 2 x 15 mL of 

dichloromethane and the aqueous phase was concentrated in vacuo to 

give 17 mg (58% yield) of 4-(6-amino^-methyl-2-pyridinyl)butanoic 
acid hydrochloride. 

IH NMR (400 MHz, CD3OD): 6 6.66 (s,lH), 6.63 (s, IH), 2.75 (t, 2H J 
- 7 Hz), 2.39 (t, 2H, J = 7 Hz), 2.35 (s, 3H), 1.98 (quintet, 2H, J = 7 Hz) 
Mass spectrum (FAB): m/g= 195 (M+l). 



30 



EXAMPTF7* 
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NH 2 

( ^>-7-ATnino-6-f3-aniinobutvn- 4-methvlpvridine 

5 Step A: (SV1 -(2-Hvdro xv-1 -methvlethv1V2.5-dimethvlpym)k- 

2,5-Hexanedione (3.6 mL, 30.7 mmol) was added to a 
solution of (S)-2-amino-l-propanol (2.44 g, 32.5 mmol) in 15 mL of 
methanol. The mixture was stirred at reflux for 2 h. After concentrating 

10 in vacuo, the residue was dissolved in 100 mL of ethyl acetate and 

washed with 50 mL of saturated aqueous sodium bicarbonate and 50 mL 
of saturated aqueous sodium chloride. The organic layer was dried 
(sodium sulfate), decanted, and evaporated to give a yellow solid. Flash 
column chromatography on 150 g of silica gel using 2.5 L of 15% ethyl 

15 acetate/hexane to furnish 4.53 g (96% yield) of (S)-l-(2-hydroxy-l- 
methylethyl)-2,5-dimethylpyrrole as a white solid. 

1H NMR (400 MHz, CD3OD): 5 5.63 (s, 2H), 4.31 (sextet, 1H, J = 7 
Hz), 3.80 (dd, 1H, J = 11, 7 Hz), 3.72 (dd, 1H, J = 11, 7 Hz), 2.44 (s, 6H), 
20 1.41 (d, 3H, J = 7 Hz). 

SjgJLfc (SVl-(2-Rrnmo-l-me thv1ethvn-2.5-dimethvlPvrrQle. 

Triphenylphosphine (2.24 g, 8.50 mmol) was added in four 
25 portions over 10 minutes to an ice cooled mixture of (S)- 1 -(2-hydroxy- 1 - 
methylethyl)-2,5-dimethylpyrrole (1.0 g, 6.54 mmol) and carbon 
tetrabromide (3.03 g, 9.15 mmol) in 50 mL of acetonitrile. The mixture 
was stirred at 0 °C for 1.5 h, room temperature for 18 h, and 50 °C for 6 
h. The solvent was removed in vacuo. The residue was purified by flash 
30 column chromatography on 70 g of silica gel, eluting with 1 L of 15% 
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dichloromethane in hexane to give 1.22 g (85% yield) of (S)-l-(2-bromo- 
l-methylethyl)-2,5-dimethylpyiTole as a yellow liquid. 

1H NMR (400 MHz, CDC1 3 ): 8 5.75 (s, 2H), 4.46 (sextet, 1H, J = 7 Hz) 
5 3.65 (dd, 1H, J = 1 1, 7 Hz), 3.61 (dd, 1H, J = 1 1, 7 Hz), 2.26 (s, 6H), 1.60 
(d, 3H, J = 7 Hz). 

Stg P & ($)-4-Methvl-2-f2.5-HimP T > ] v l D v I Tnl-1-v1^-(^-( ? | ^. 

djniethvlPvrrol-l-vn-3-methvl proDvnpvriHin P 

10 

By analogy to Example 7 1 , Step A, the anion of 4,6- 
dimethyl-2-(2,5-dimethylpyrrol-l-yl)pyridine was alkylated with (S)-l- 
(2-bromo-l-methylethyl)-2,5-dimethylpyrrole to give (S)-4-methyl-2- 
(2,5-dimethylpyrrol- 1 -yl)-6-(3-(2,5-dimethylpyiTol- 1 -yl)-3- 
15 methylpropyl)pyridine. 

1H NMR (400 MHz, CDCI3): 6 6.83 (s, 1H), 6.79 (s, 1H), 5.87 (s, 2H), 
5.72 (s, 2H), 4.18 (sextet, 1H, J . 7 Hz), 2.69-2.54 (m, 2H), 2.36-2.06 (m 
17H), 1.44(d,3H,J = 7Hz). 
20 Mass spectrum (FAB): mt&= 336 (M+l). 

Stg P (S)-2-Amino-6-(3-ami n r.butvn-4-mP4 hvlpvriHinP 

By analogy to Example 56, Step B, (S)-4-methyl-2-(2,5- 
25 dimemylpyrrol-l-yl)-6-(3-(2,5-dimethylpyrrol-l-yl)-3- 

methylpropyDpyridine was treated with 9.2 equivalents of hydroxylamine 
hydrochloride and 5.4 equivalents of potassium hydroxide in refluxing 
ethanol/water to yield (S)-2-amino-6-(3-aminopropyl)-4-methylpyridine 

30 1H NMR (400 MHz, CDCI3): 5 6.35 (s, 1H), 6.13 (s, 1H), 4.27 (bs, 2H) 
2.89 (sextet, 1H, J = 6 Hz), 2.66-2.51 (m, 2H), 2.17 (s, 3H), 1.75-1.58 (m 
2H), 1 .45 (bs, 2H), 1 .07 (d, 3H, J = 6 Hz). 
Mass spectrum (FAB): m/e = 180 (M+l). 
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FX AMPLE 77 




(^)-0-Amino-6-(3-am innhutvlV4-methvlPvridine 

Step rRVl-f2-Hvdroxv-l-mft thv1 e thvn-2.5-dimethvlpyrrolg. 

1 o By analogy to Example 76, Step A, (R)-2-amino- 1 -propanol 

was converted into (R)-l-(2-hydroxy-l-methylethyl)-2,5- 
dimethylpyrrole. 

1H NMR (400 MHz, CDCI3): 5.77 (s, 2H), 4.43-4.33 (m, 1H), 3.93 (dd, J 
15 = 1 1, 9 Hz), 3.75 (dd, J = 1 1, 6 Hz), 2.27 (s, 6H), 1.45 (d, 3H, J = 7 Hz). 
Mass spectrum (FAB): m/e = 154 (M+l). 

St,» r R- (RVl-(2-Bromo-1-met hv1ethvn-2.5-dimethvlpyrrole. 

20 By analogy to Example 76, Step B , (R)- 1 -(2-hydroxy- 1 - 

methylethyl)-2,5-dimethylpyrrole was converted into (R)-l-(2-bromo-l- 
methylethyl)-2,5-dimethylpyrrole. 

1H NMR (400 MHz, CDCI3): 5 5.75 (s, 2H), 4.46 sextet, 1H, J = 7 Hz), 
25 3.65 (dd, 1H, J = 11, 7 Hz), 3.61 (dd, 1H, J = 11, 7 Hz), 2.26 (s, 6H), 1.60 
(d, 3H, J = 7 Hz). 

Mass spectrum (FAB): mie = 216 (M+l). 



Ste p C: rR-4-Methvl V2-f 2. 5-dimethvlpvrrol- 1 -vl)-6-(3-(2,5- 
30 dimethvlpvrr ol- 1 -vn-3-me.th vlpropvttpvridine. 
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By analogy to Example 76, Step A, the anion of 4,6- 
dimethyl-2-(2,5-dimethylpyrrol-l-yl)pyridine was alkylated with (R)-l- 
(2-bromo-l-raethylethyl)-2,5-dimethylpyrrole to give (R)-4-methyl-2- 
5 (2,5-dimethylpyrrol- 1 -yl)-6-(3-(2,5-dimethylpyrrol- 1 -yl)-3- 
methylpropyl)pyridine. 

1H NMR (400 MHz, CDCI3): 5 6.83 (d, 1H), 6.79 (s, 1H), 5.87 (s, 2H), 
5.72 (s, 2H), 4.18 (sextet, 1H, J = 7 Hz), 2.69-2.54 (m, 2H), 2.36-2.06 (m, 
10 17H), 1.44 (d,3H, J = 7 Hz). 

Mass spectrum (FAB): mZe = 336 (M+l). 

Step D: (R)-2-Amino-6-r3-ami nobutvn-4-methvlpvridine 

15 By analogy to Example 56, Step B, (R)-4-methyl-2-(2,5- 

dimethylpyrrol- 1 -yl)-6-(3-(2,5-dimethylpyrrol- 1 -yl)-3- 
methylpropyl)pyridine was treated with 9.2 equivalents of hydroxylamine 
hydrochloride and 5.4 equivalents of potassium hydroxide in refluxing 
ethanol/water to yield (R)-2-amino-6-(3-aminopropyl)-4-methylpyridine 

20 

1H NMR (400 MHz, CDCI3): 8 6.35 (s, 1H), 6.13 (s, 1H), 4.27 (bs, 2H), 
2.89 (sextet, 1H, J = 6 Hz), 2.66-2.51 (m, 2H), 2.17 (s, 3H), 1.75-1.58 (m, 
2H), 1.49 (br, 2H), 1.08 (d, 3H, J = 6 Hz). 
Mass spectrum (FAB): m/e - 180 (M+l). 

25 



EXAMPLE 78 




30 

2-Aminoquinoline 
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The title compound is commercially available from 
Maybridge Chemical Comp., Ltd., Cornwall, UK. 

5 EXAMPLE 79 




1 - Aminoisoquinoline 

10 

The title compound is commercially available from Aldrich 
Chemical Co., Milwaukee, WI 53233. 



15 EXAMPLE 80 




3-Aminoisoquinoline 

20 

The title compound is commercially available from Aldrich 
Chemical Co. (SALOR), Milwaukee, WI 53233. 
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WHAT TS CI VMFP T^- 

1 . A compound of Formula (I) 



R3 


^ R4 


N 


1 

R 5 



(I) 

or a pharmaceutically acceptable salt thereof wherein: 
5 Rl , R2, R3 and R4 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) hydroxy, 

(c) amino, 
10 (d) carboxyl, 

(e) aminocarbonyl, 

(f) cyano, 

(g) nitro, 

(h) halo, where halo is selected from fluoro, chloro, bromo, and 
l -> iodo, 

(i) trifluoromethyl, 
G) Cl-I2alkyl, 

(k C2-12alkenyl, 

(1) C2-12alkynyl, 

20 (m) Ci-i2alkoxy, 

(n) Cl-i2alkylcarbonyl, 

(o) Cl_i2alkoxycarbonyl, 

(P) Ci-i2alkylaminocarbonyl, 

(q) mono- and di-C 1 _ 1 2alkylamino, 

25 (r) Cl_i2alkylthio, 

(s) aryl, where aryl is selected from phenyl and naphthyl, 

(t) aryloxy, where aryl is selected from phenyl and naphthyl, 

(u) arylthio, where aryl is selected from phenyl and naphthyl', 
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(v) arylCl-6alkyl, where aryl is selected from phenyl and 
naphthyl, 

(w) cycloalkyl, wherein the cycloalkyl is a 5- to 10- 

membered monocyclic ring which optionally contains 1 or 2 
5 heteroatoms selected from S, O, and N, 

(x) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 





(1) 


• J l 

pyndyl, 




(2) 


pyrrolyl, 


10 


(3) 


furanyl, 




(4) 


thienyl, 




(5) 


isothiazolyl, 




(6) 


imidazolyl, 




(7) 


benzimidazolyl, 


15 


(8) 


tetrazolyl, 




(9) 


• i 

pyrazinyl, 




(10) 


• ■ j i 
pynmidyl, 




(11) 


quinolyl, 




(12) 


• • t i 
lsoquinolyl, 


20 


(13) 


benzofiiranyl, 




(14) 


isobenzofiiryl, 




(15) 


benzothienyl, 




(16) 


pyrazolyl, 




(17) 


pyrazinyl 


25 


(18) 


indolyl, 




(19) 


isoindolyl, 




(20) 


purinyl, 




(21) 


carbazolyl, 




(22) 


isoxazolyl, 


30 


(23) 


thiazolyl, 




(24) 


triazolyl 




(25) 


oxazolyl, 




(26) 


oxadiazolyl, 




(27) 


thiadiazolyl 
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(28) benzthiazolyl, and 

(29) benzoxazolyl, 

(y) heteroarylCi- 6 alkyl, where heteroaryl is defined above in 
item (x), 

5 each of (j) to (y) being optionally mono- or di- substituted, 

the substituents being independently selected from 

(1) hydroxy, 

(2) Cl-6alkyl, 

(3) Cl-6alkoxy, 
10 (4) amino, 

(5) mono- and di-C l -6alkylamino, 

(6) carboxyl 

(7) Cl-6alkyltbio, 

(8) -S(0)k-Ci. 3 alkyl, where k is 1 or 2, 
15 (9) Ci-6alkoxycarbonyl, 

(10) halo selected from fluoro, chloro, bromo, and iodo, 

(11) oxo, 

(12) amidino, 

(13) guanidino, 

20 Ri and R 2 , or R 2 and R 3 or R 3 and R 4 may be joined together to form a 
5- to 10-membered saturated or unsaturated ring containing 0 to 2 
heteroatoms which together with the atoms to which Ri and R 2 or 
R2 and R 3 or R 3 and R 4 are attached there is formed a bicyclic ' 
ring according to Formulae (Ha-IIc), the heteroatoms being 

25 selected from the group consisting of O, S and N, 
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^NH 

1 


(Ha) 




R 5 





fie* 



N NH 

R 5 



(nb) 



R 5 



(He) 



R5 is selected from the group consisting of 
(a) hydrogen, 
5 (b) Cl-I2alkyl, 

(c) C2-12alkenyl, 

(d) C2-12alkynyl, 

(e) aryl, wherein the aryl group is as defined above, 

(f) arylC l -6alkyl, wherein the aryl group is as defined above, 
10 (g) heteroaryl, wherein heteroaryl is as defined above, 

(h) heteroarylC 1 -6alkyl, wherein heteroaryl is as defined above, 

(i) cycloalkyl,wherein the cycloalkyl is a 5- to 10- 
membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from the group consisting of S, O and 

15 N, 

each of (b) to (i) being optionally mono- or di- substituted, the 
substituents being independently selected from 

(1) hydroxy, 

(2) Cl-6alkyl, 
20 (3) Cl-6alkoxy, 

(4) amino, 

(5) mono- and di-C 1 _6alkylamino, 

(6) carboxyl 
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10 



(7) Ci-6alkylthio, 

(8) -S(0)k-Ci- 3 alkyl, where k is 1 or 2. 

(9) Ci_6alkoxycarbonyl, 

(10) halo selected from fluoro, chloro, bromo, and iodo, 

(11) oxo, 

(12) amidino, and 

(13) guanidino, 

with the proviso that R 2 is other than aryl, heteroaryl, arylCi-4alkyl or 
heteroarylCi^alkyl. *<"*y, "r 

2. A compound according to Claim 1 with the further 
proviso that said compound is other than a compound of the formula 



N NH 

R 5 



CD 



5 



wherein 
Rj 
H 
H 
H 
H 

CH3 
CH3 
H 
H 
H 
H 
H 
H 



_R_2 
H 
H 
H 

CH 3 

H 

H 

H 

H 

H 

H 

H 

H 



R3 R4 

H H 

H CH3 

CH 3 H 

H H 

H H 

CH 3 H 

C2H 5 H 

phenyl H 
-CH2-phenyl H 

H NH2 

CF 3 H 

H OH 



35 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
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3. A compound according to Claim 1 or 2 wherein 
Rl, R2, R3 an d R4 eacn independently selected from the group 
consisting of 

(a) hydrogen, 
5 (b) hydroxy, 

(c) amino, 

(d) cyano, 

(e) fluoro, chloro, bromo, and iodo, 

(f) trifluoromethyl, 
10 (g) Cl-6alkyl, 

(h) ei-6alkoxy, 

(i) Cl-6alkylthio, 

(j) Cl-6alkylcarbonyl, 
(k) mono- and di-C l-6alkylamino, 
15 (1) aryl, where aryl is phenyl and naphthyl, 

(m) aryloxy, where aryl is phenyl and naphthyl, 

(n) cycloalkyl,wherein the cycloalkyl is a 5-, 6-, or 7- 

membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from S, O, and N, 
20 (o) heteroaryl, wherein heteroaryl is selected from the group 

consisting of: 

(1) pyridyl, 

(2) fur any 1, 

(3) thienyl, 
25 (4) pyrazinyl, 

(5) pyrimidyl, 

(6) thiazolyl, and 

(7) triazolyl, 

each of (g) to (o) being optionally mono- or di- substituted, 
30 the substituents being independently selected from 

(1) hydroxy, 

(2) Cl-4alkyl, 

(3) Cl-3alkoxy, 

(4) Cl-3alkylthio, 
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(5) mono- and di-C i -3alkylamino, 

(7) -S(0)k-Ci. 3 alkyl, where k is 1 or 2, 

(8) -C(0)-0-Ci-3alkyl, 

(9) halo selected from fluoro, chloro and bromo, 

(10) amino, 

(11) carboxyl, 



Rl and R 2 , or R 2 and R 3 or R 3 and R 4 may be joined together to form a 
5-, 6- or 7-membered saturated monocyclic ring containing 0 1 or 
2 heteroatoms which together with the atoms to which Rl and R2 
or R 2 and R 3 or R 3 and R 4 are attached there is formed a bicyclic' 
nng according to Formulae (Ila-IIc), the heteroatoms being 
selected from the group consisting of O, S and N, 



(a) hydrogen, 

(b) Cl-6alkyl, 

(c) aryl, wherein the aryl group is phenyl and naphthyl, 

(d) arylC l -6alkyl, wherein the aryl group is phenyl and 
naphthyl, 

(e) heteroaryl, wherein heteroaryl is as defined above, 





15 



R5 is selected from the group consisting of 
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(f) heteroarylC l-6alkyl, wherein heteroaryl is as defined above, 

(g) cycloalkyl,wherein the cycloalkyl is a 5-, 6-, or 7- 
membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from S, O, and N, 

5 each of (b) to (g) being optionally mono- or di- substituted, the 

substituents being independently selected from 

(1) hydroxy, 

(2) Cl-4alkyl, 

(3) Cl-3alkoxy, 
10 (4) Cl-3alkylthio, 

(5) mono- and di-Cl-3alkylamino, 

(7) -S(0)k-Cl-3alkyl, where k is 1 or 2, 

(8) -C(0)-0-Cl-3alkyl, 

(9) halo selected from fluoro, chloro and bromo. 

4. A compound according to Claim 3 wherein 
Rl, R2, R3 and R4 are each independently selected from the group 

consisting of 

(a) hydrogen, 
20 (b) hydroxy, 

(c) amino, 

(d) cyano, 

(e) fluoro, chloro or bromo, 

(f) trifluoromethyl, 
25 (g) Cl-6alkyl, 

(h) Cl-6alkoxy, 

(i) Cl-6alkylthio, 

(j) mono- and di-C l ^alkylamino, 
Rl and R2, or R2 and R3 or R3 and R4 may be joined together to form a 
30 5-, 6- or 7-membered saturated monocyclic ring containing 0, 1 or 

2 heteroatoms which together with the atoms to which Rl and R2, 
or R2 and R3 or R3 and R4 are attached there is formed a bicyclic 
ring according to Formulae (Ila-IIc), the heteroatoms being 
selected from the group consisting of O, S and N, 
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(lib) 




(He) 



R 5 



R5 is selected from the group consisting of 
(a) hydrogen, 
5 (b) Ci-4alkyl, 

(c) phenyl, 

(d) phenylCi-4alkyl, 

(e) heteroaryl, wherein heteroaryl is selected from, 

(1) pyridyl, 
10 (2) furanyl, 

(3) thienyl, 

(4) pyrazinyl, 

(5) pyrimidyl, 

(6) thiazolyl, and 
15 (7) triazolyl, 

(f) heteroarylCl-6alkyl, wherein heteroaryl is defined as above, 

(g) cycloalkyl, wherein the cycloalkyl is a 5-, 6-, or 7- 
membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from S, O, and N, 

20 each of (b) to (g) being optionally mono- or di- substituted, the 

substituents being independently selected from 
(1) hydroxy, 
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(2) Cl-4alkyl, 

(3) Cl-3alkoxy, 

(4) Cl-3alkylthio, 

(5) mono- and di-C l-3alkylamino, 

5 (7) -S(0)k-Cl-3alkyl, where k is 1 or 2, 

(8) -C(0)-0-Cl-3alkyl, 

(9) halo selected from fluoro, chloro and bromo. 

5. A compound according to Claim 4 wherein 
10 Rl, R2> R3 and R4 we eacn independendy selected from the group 
consisting of 

(a) hydrogen, 

(b) hydroxy, 

(c) amino, 
15 (d) cyano, 

(e) fluoro, chloro or bromo, 

(f) trifluoromethyl, 

(g) Cl-5alkyl, 

(h) Ci-5alkoxy, 

20 (i) mono- and di-C l-4alkylamino, 

each of (g) to (i) being optionally mono- or di- substituted, 
the substituents being independently selected from 

(1) hydroxy, 

(2) Cl-4alkyl, 
25 (3) Cl-3alkoxy, 

(4) Cl-3alkylthio, 

(5) mono- and di-C 1-3 alky lamino, 

(7) -S(0)k-Ci-3alkyl, 

(8) -C(0)-0-Cl-3alkyl, 

30 (9) halo selected from fluoro, chloro and bromo, 

(10) amino, 

(11) carboxyl, 



R5 is selected from the group consisting of 
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(a) hydrogen, 

(b) Ci-4alkyl, 

(c) aryl, wherein the aryl group is phenyl, 

(d) arylCl-4alkyl, wherein the aryl group is phenyl , 

(e) heteroaryl, wherein heteroaryl is as defined above, 

(f) heteroarylCi-6alkyl, wherein heteroaryl is defined , 

(g) C5, C6 or C7 cycloalkyl, wherein the C5, C6 or C7 
cycloalkyl optionally contains 1 or 2 heteroatoms selected 
from the group consisting of S, O and N, 

each of (b) to (g) being optionally mono- or di- substituted, the 
substituents being independently selected from 



(1) 


hydroxy, 


(2) 


Cl-4alkyl, 


(3) 


Ci-3alkoxy, 


(4) 


Cl-3alkylthio, 


(5) 


mono- and di-Cl-3alkylamino, 


(7) 


-S(0)k-Ci-3alkyl, 


(8) 


-C(0)-0-Cl-3alkyl, 


(9) 


halo selected from fluoro, chloro and bromo. 



6. A compound according to Claim 5 wherein 
Rl» R2, R3 and R4 are each independently selected from the group 
consisting of 

(a) hydrogen, 



(h) Ci-5alkoxy, 

(i) mono- and di-C 1 -4alkylamino, 

each of (g) to (i) being optionally mono- or di- substituted, 
the substituents being independently selected from 



20 



25 



(b) 

(c) 

(d) 

(e) 

(f) 

(g) 



hydroxy, 

amino, 

cyano, 

fluoro, chloro or bromo, 

trifluoromethyl, 

Cl-5alkyl, 



30 
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(1) hydroxy, 

(2) Cl-4alkyl, 

(3) Ci-3alkoxy, 

(4) Cl-3alkylthio, 

5 (5) mono- and di-Cl-3alkylamino, 

(7) -S(0)k-Cl-3alkyl, 

(8) -C(0)-0-Cl-3alkyl, 

(9) halo selected from fluoro, chloro and bromo, 

(10) amino, 
10 (11) carboxyl, 



R5 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci-4alkyl, 

15 (c) C5, C6orC7 cycloalkyl, 

(d) phenyl, 

(e) phenylCl-4alkyl, 

each of (b) to (e) being optionally mono- or di- substituted, the 
substituents being independently selected from 
20 (1) hydroxy, 

(2) Ci-4alkyl, 

(3) Cl-3alkoxy, 

(4) Cl-3alkylthio, 

(5) mono- and di-Cl-3alkylamino, 
25 (7) -S(0)k-Ci-3alkyl, 

(8) -C(0)-0-Cl-3alkyl, 

(9) halo selected from fluoro, chloro and bromo. 



7. A compound according to Claim 6 

30 wherein 

Rl is hydrogen, methyl, ethyl, propyl, butyl or pentyl, 
R2 is hydrogen or methyl, 
R3 is 

(a) hydrogen, 
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(b) methyl, ethyl, propyl or butyl, 

(c) chloro, 

(d) -CN, 

(e) -CF3, 

(f) -CH2-phenyl, or 

(g) phenyl, 

R4 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) hydroxy, 

(c) amino, 

R5 is selected from the group consisting of 

(a) hydrogen, 

(b) CH3,or 

(c) -CH2-phenyL 

8. A compound according to Claim 3 wherein the rings 
of Formulae Ha, lib and lie are selected from the group consisting of 
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9. A compound according to Claim 8 wherein 
then Rl, R2, R3 and R4 are each independently selected from the group 
5 consisting of 





(a) 


hydrogen, 




(b) 


hydroxy, 




(c) 


amino, 




(d) 


cyano, 


10 


(e) 


fluoro, chloro or bromo, 




(f) 


trifluorbmethyl, 




(g) 


Cl-4alkyl, 




(h) 


Cl-4alkoxy, 




(i) 


Ci-4alkylthio, 


15 


G) 


mono- and di-Cl-4alkylamino, 




R5 is selected from the group consisting of 




(a) 


hydrogen, 




(b) 


Cl-4alkyl, 


20 


(c) 


phenyl, 
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(d) phenylCi-4alkyl, 

(e) heteroaryl, wherein heteroaryl is selected from, 

(1) pyridyl, 

(2) furanyl, 
5 (3) thienyl, 

(4) pyrazinyl, 

(5) pyrimidyl, 

(6) thiazolyl, and 

(7) triazolyl, 

!0 (0 heteroarylCi-6alkyl, wherein heteroaryl is defined as above, 

(g) cycloalkyl,wherein the cycloalkyl is a 5-, 6-, or 7- 

membered monocyclic ring which optionally contains 1 or 2 
heteroatoms selected from S, O, and N, 
each of (b) to (g) being optionally mono- or di- substituted, the 
15 substituents being independently selected from 

(1) hydroxy, 

(2) Ci-4alkyl, 

(3) Cl-3alkoxy, 

(4) Ci-3alkylthio, 

20 (5) mono- and di-Ci-3alkylamino, 

(7) -S(0)k-Cl-3alkyl, where k is 1 or 2, 

(8) -C(0)-0-Cl-3alkyl, 

(9) halo selected from fluoro, chloro and bromo. 

25 10. A compound according to Claim 9 wherein 

Rl. R2» R3 and R4 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) hydroxy, 
30 (c) amino, 

(d) cyano, 

(e) fluoro, chloro or bromo, 

(f) trifluoromethyl, 

(g) Ci-4alkyl, 
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(h) Cl-4alkoxy, 

(i) mono- and di-C l _4alky lamino, 

each of (g) to (i) being optionally mono- or di- substituted, 
the substituents being independently selected from 
5 (1) hydroxy, 

(2) Cl-4alkyl, 

(3) Ci-3alkoxy, 

(4) Cl-3alkylthio, 

(5) mono- and di-C 1-3 alky lamino, 
10 (7) -S(0)k-Cl-3alkyl, 

(8) -C(0)-0-Cl-3alkyl, 

(9) halo selected from fluoro, chloro and bromo, 
R5 is selected from the group consisting of 

(a) hydrogen, 
15 (b) Cl-4alkyl, 

(c) aryl, wherein the aryl group is phenyl, 

(d) arylCi-4alkyl, wherein the aryl group is phenyl , 

(e) heteroaryl, wherein heteroaryl is as defined above, 

(f) heteroarylCi-6alkyl, wherein heteroaryl is defined , 
20 (g) C5, C6 or C7 cycloalkyl, wherein the C5, C6 or C7 

cycloalkyl optionally contains 1 or 2 heteroatoms selected 
from the group consisting of S, O and N, 



each of (b) to (g) being optionally mono- or di- substituted, the 
substituents being independently selected from 



25 


(1) 


hydroxy, 




(2) 


Cl-4alkyl, 




(3) 


Cl-3alkoxy, 




(4) 


Cl-3alkylthio, 




(5) 


mono- and di-Cl-3alkylamino, 


30 


(7) 


-S(0)k-Ci-3alkyl, 




(8) 


-C(0)-0-Cl-3alkyl, 




(9) 


halo selected from fluoro, chloro and bromo. 



11. A compound according to Claim 10 wherein 
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Rl, R2, R3 and R4 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) hydroxy, 
5 (c) amino, 

(d) cyano, 

(e) fluoro, chloro or bromo, 

(f) trifluoromethyl, 

(g) Cl-4alkyl, 
!0 (h) Cl^alkoxy, 

(i) mono- and di-C 1 -4alkylamino, 

each of (g) to (i) being optionally mono- or di- substituted, 
the substituents being independently selected from 
(1) hydroxy, 
15 (2) Cl-4alkyl, 

(3) Ci-3alkoxy, 

(4) Ci-3alkylthio, 

(5) mono- and di-C 1 -3alkylamino, 
(7) -S(0) k -Ci. 3 alkyl, 

20 (8) -C(0)-0-Cl- 3 alkyl, 

p c 1 .a r ( V hal ° selected from fluoro, chloro and bromo, 
K5 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci^alkyl, 

25 ( c ) C5, C6 or C7 cycloalkyl, 

(d) aryl, wherein the aryl group is phenyl, 

(e) arylCl-4alkyl, wherein the aryl group is phenyl , 

each of (b) to (e) being optionally mono- or di- substituted, the 
_ n substituents being independently selected from 

30 (1) hydroxy, 

(2) Ci-4alkyl, 

(3) Ci-3alkoxy, 

(4) Ci_3alkylthio, 

(5) mono- and di-C 1 -3alkylamino, 
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(7) -S(0)k-Cl-3alkyl, 

(8) -C(0)-0-Ci-3alkyl, 

(9) halo selected from fluoro, chloro and bromo. 

5 12. A compound according to Claim 1 1 

wherein 

Rl is hydrogen or methyl, 
R2 is hydrogen or methyl, 
R3 is 

10 (a) hydrogen, 

(b) methyl, ethyl, propyl or butyl, 

(c) chloro, 

(d) -CN, 

(e) -CF3, 

15 (f) -CH2-phenyl, or 

(g) phenyl, 

R4 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) hydroxy, 
20 (c) amino, 

R5 is selected from the group consisting of 

(a) hydrogen, 

(b) CH3, or 

(c) -CH2-phenyl. 

25 

13. A compound of Claim 1 selected from 

(a) 2-amino-3-benzylurea-4-picoline, 

(b) 2-amino-3-methoxypyridine, 

(c) 2-amino-3-methylthio-4-picoline, 

30 (d) 2-animo^-methylthiomethylpyridine, 

(e) 2-amino-3-hydroxymethyl-4-picoline, 

(f) 2-amino-3-ethyl-4-picoline dihydrochloride, 

(g) 2-amino-3-methoxymethyl-4-picoline 
dihydrochloride, 
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(h) 2-amino-3-n-propyl-4-picoline dihydrochloride, 

(i) 2-amino-3-dimethylamino-4-picoline 
trihydrochloride, 

(j ) 2-amino- 3-chloro-4-picoline, 

5 (k) 2-amino-5-chloro-4-picoline, 

(1) 2,5-diamino-4-picoline, 

(m) 5-acetylamino-2-amin<>4-picoline, 

(n) 2-amino-5-ethynyl-4-methyl-pyridine, 

(o) 2-amino-4-methyl-5-pentyl-pyridine, 

10 (p) 4-methylthio-2-aminopyridine, 

(q) 4-chloro-6-methoxycarbonyl-2-aminopyridine, 

(r) 4,6-dimethyl-5-ethenyl-2-aminopyridine, 

(s) 2,4-diaminopyridine dihydrochloride, 

(t) 2-amino-5-phenylpyridine, 

1 5 (u) 2-amino-4-methy 1-5-phenylpyridine, 

(v) 2-amino-5-bromo-4-methylpyridine, 

(w) 2-amino-5-cyano-4-methylpyridine, 

(x) 2-amino-5-carboxy^-methylpyridine, 

(y) 2-amino-5-methoxycarbonyl-4-methylpyridine, 

20 (z) 2-amino-5-aminomethyl-4-methylpyridine 

dihydrochloride, 

(aa) 2-amino-5-acetamidomethyl-4-methylpyridine, 

(ab) 2-amino-5-hydroxymethyl-4-methylpyridine, 

(ac) 2-(2-amino-3-pyridinoxy)-ethyl-(S)-glycine 
25 dihydrochloride, 

(ad) 2-amino-4,5-dimethylpyridine hydrochloride, 

(ae) 2-amino-6-(3-buten- 1 -yl)-4-methylpyridine, 

(af) 2-amino-6-ethyl-4-methylpyridine, 

(ag) 2-amino-4-methy l-6-( 1 -methy lethyl)pyridine, 
30 (ah) 2-amino-6-(4-aminobutyl)-4-methylpyridine, 

(ai) 6-(4-acetamidobutyl)-2-amino-4- 

methylpyridine, 

(aj) 2-amino-6-(2-hydroxyethyl)-4-methylpyridine, 
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(ak) a-(2-(6-amino-4-methylpyrid-2-yl) 

ethyl)glycine dihydrochloride, 

(al) 2-amino-5-ethylpyridine, 

(am) 2-amino-6-benzylpyridine, 

(an) 2-ammo-6,7-dmydro-(5i^-pyrindine, 

(ao) 2-anuno-6-(3-aniinopropyl)-4-methylpyridine, 

(ap) 2-amino-6-(2-aminoethyl)-4-methylpyridine, 

(aq) 2-amino-4-methyl-6-propylpyridine, 

(ar) 2-amino-4-methyl-6-(3-phenylpropyl)pyridine, 

(as) 2-amino-4-methyl-6-(4-phenylbutyl)pyridine, 

(at) 2-amino-4-methyl-6-(3-methylbutyl)pyridine, 

(au) 2-amino-4-methyl-6-(2-methylpropyl)pyridine, 

(av) 2-amino-4-methyl-6-(2-phenylethyl)pyridine, 

(aw) 5-(6-aniino-4-methyl-2-pyridinyl)pentanoic 
acid hydrochloride, 

(ax) 4-(6-amino-4-methyl-2-pyridinyl)butanoic acid 

hydrochloride, 
(ay) (S)-2-amino-6-(3-aminobutyl)-4- 

methylpyridine, or 
(az) (R)-2-Amino-6-(3-aminobutyl)-4- 

methylpyridine, 
or a pharmaceutically acceptable salt thereof. 



14. A pharmaceutical composition for treating a nitric 
oxide synthase mediated disease comprising a pharmaceutical carrier and 
a non-toxic effective amount of the compound of Claim 1. 



15. A method for inhibiting the activity of nitric oxide 
synthases comprising administering to a subject suffering from a nitric 
30 oxide synthase mediated disease, a non-toxic therapeutically effective 
amount of the compound of Claim 1. 
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16. A pharmaceutical composition for treating a nitric 
oxide synthase mediated disease comprising a pharmaceutical carrier and 
a non-toxic effective amount of the compound of the formula (I) 




Rl 


R2 


R3 


R4 


R5 


H 


H 


H 


H 


H 


H 


H 


H 


CH3 


H 


H 


H 


CH3 


H 


H 


H 


CH3 


H 


H 


H 


CH3 


H 


H 


H 


H 


H 


H 


CH3 


CH3 


H 


CH3 


H 


CH3 


H 


H 


H 


H 


C2H5 


H 


H 


H 


H 


t-C4HQ 


H 


H 


H 


H 


CI 


H 


H 


H 


H 


CN 


H 


H 


H 


H 


CF3 


H 


H 


H 


H 


H 


OH 


H 


H 


H 


H 


NH2 


H 


H 


H 


CH3 


NH2 


H 


H 


H 


phenyl 


H 


H 


H 


H 


-CH2-phenyl 


H 


H 


H 


H 


H 


H 


-CH2-phenyl 


H 


H 


OCH 3 


H 


H 


H 


CH 3 


CH 3 


H 


H 


H 


CH 3 


H 


CH3 


H 


CH 3 


CH 3 


H 


H 


H 



WO 96/18616 



PCT/US95/16151 



- 130- 



C2H5 H H H H 

-(CH 2 )4- H H H 

-(CH=CH) 2 - H H H 

H H -(CH 2 )4- H 

H H -(CH=CH) 2 - H 

H -(CH=CH) 2 - H H 



or a pharmaceutically acceptable salt thereof. 

17. A compound according to Claim 1, 2, 3, 4, 5, 6, 7, 8, 
5 9, 10, 11, or 12 wherein 
Rl is methyl, 

R.2 is other than aryl, heteroaryl, arylCl-4alkyl, heteroarylCl-4alkyl, 
aryl-S(0)k or heteroaryl-S(0)k, and 
the compound of formula I is other than one in which 
10 wherein 
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